Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




/m^ ^ ^^^^^^^'^ 




1 > 






• ■«... .4k .^ «. 



'»^»»V>\s» aA"* 



*•,!• 



A 



J« ' \ »\ 



I 






J.%., 









THE NEW YORK 

PL'BUC LIBRARY 



iSTOB, tEHOK «N0 








''i'caif! o-'S Mi/ej- 



^ TREATISE 



MILITARY SURVEYING, 



^JPORETICAIMDPUCTICAL 




jjr| ^4jj^U% r<-" 



NEW YORK: 

D. VAN NOSTRAND, 192 BROADWAY. 

LONDON : TRiJBNER & CO. 

1864. 



THE NEV/ YORK 

PUBLIC LIBRARY 

56^0^8 

ASTOR, tCNOX AND 

TILDEN FOUNOATIOf**. 

R 1^12 L 



Entered aooording to Act of GongreBS, in the year 1864, 

Bt d. van NOSTEAND. 

In the Clerk^s OfDce of the District Court of the United States for the 
Southern District of Kew York. 



■ 



• 



• • 

• •• • 

• • •• 

• • 






.*. t 



• ••• 



• »•• • •••• 

• ••• • • *• 

• • • • • • 

>• •• * 






• • • • i • • 



••• % fc • 



a ▲. ALTOBD, ■TKSaOTTPXB AlO) PSnfTBB. 



PREFACE. 



A GREAT portion of the contents of this 
volume lias been taken from the best authori- 
ties within reach of the writer, the chief of 
which are Salnenve, Lalobbe, and Simms. 

The writer has endeavored to present the 
subject in a simple form, that it may be 
readily comprehended by every one who is 
liable to be called upon to farnish a sketch 
of a portion of country. 
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CHAPTER I. 

• Thk ordinary maps, upon whioh are found the posi- 
tions of the principal towns, the location of the great 
rontes, the courses of tlie rivera and canala, and the 
general form of the eountry, are safficient to enable 
one to follow the operationa of a campaign ; but they 
are far from being in sufficient detail for the purposes 
of him who plans or stndiea the smaller operations of 
war. The most detailed maps are eBsenlial in these 
cases, because the merest trail, the most insignificant 
rivulet, the slightest undulation of the ground, may 
for a time become of the greatest importance, either 
for the offensive or for the defensive. The preparation 
of such maps belongs to military topography, and it ia 
evident that it is a Bobject of the greatest interest to 
all the arms of the service. 

Topography, confined to these purposes, applies the 
most simple problems of geometry, rarely has recourse 
to rectiHnear trigonometry, and never employs the 
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^m principles of spherical trigonometry. It may be de- 
^M fined as the art of obtaining a detailed representation 
^B of a portion of the earth's auri'ace of moderate extent. 
^M This representation or map should exhibit the impor- 
^P tant lines and characteristic objects on the ground, 
^M such as the water-courses, the great routes, ordinary 
^M roads, and even the trails and footpaths, houses, en- 
^1 closures, ditches, hedges, walls, etc. In addition, it 
^M should indicate the lay of the gronnd and its undula- 
^M tione, the steepness of its elopes, and the relative 
^M heights of the commanding points. 
^M From this it appears that the preparation of the 

^P map may be said to be composed of two parts : 

1. The projection, in proper relati^^e position, on a 
plane surface, of the objects enumerated above. 

2. Levelling, by means of which we may repre- 
sent the fonnations of the gronnd, the character of 
the slopes, elevations, depressions, etc. 

Metrunrs. — As it is impossible to exhibit by graphic 

» representation all essential information in this-connec- 
tdon, wa are compelled to accompany the map with a 
descriptive memoir, which, in general terms, presents 
data npon such points aa follow : the kind of roads ; 
their state of repair ; the tJeseriptions of bridges ; ohar- 

Iacter of the approaches to them ; the depth and rapid- 
; ity of the current of water-courses ; the nature of the 
bottom, whether rocky, sandy, etc.; etatistical infor- 
mation as to the number of inliabitanCs, number of 
animals, supply of provisions, etc., etc. 
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"WTien it IB required to prepare an accurate repre- 

■aentation of a portion of couDtry, it is a problem of 

regular topography, and is performed by the use of 

tlie most exact methods and instrumeuts; while, 

where an approximation is sufficient for the purpose 

I Jn question, it is a case in irregular surveying. 

f Tliis branch of the subject is the one most interesting 

Ijmd important to officers of infantry and cavalry, be- 

B,^u3e by it a fair and tolerably exact map of the 

R^ound may be rapidly made without the aid of in- 

Vstrnmenta, or by the nee of such as are simple and 

jortable, some of which indeed may be constructed 

I ty the officer himself. 

One who understands thoroughly tlie successive 
Bteps of regular surveying, and tlie instruments used 
in it, should find the application of his principles to 
irregular surveying easy. It then seems appropriate 
to study first the pure, exact processes, in order to be- 
come acquainted with the principles of the art; and 
3 learn what degree of approximation we are to ex- 
wt under a departure from accurate mettiod8,to which 

B often compelled to submit. 
For these reasons, we first proceed to investigate 
e subject of regular topography. 



The earth ia an oblate spheroid, the radius of the 

iquator being 6"9'r4.532/r^^s yards. The polar ra- 

i being 6°951.218jVV5 yards, is about 13.23 miles 

iBhorter than the equatorial. For our purposes we 
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may regard the earth as a sphere, 
and although it is not develop- 
able on a plane surface, yet it 
may be shown that within the 
narrow limits of topography, 
no sensible error ia committed 
by regarding the spherical zone 
SB coincident with a plane tangent to the surface of 
the earth at the middle point. In Fig. 1, A C B 
represents an arc of a great circle of the earth, 1° in 
extent, M N the trace of a plane tangent at the middle 
point, A B the trace of a plane through the extremi- 
ties of the arc and parallel to M N. The length of 
the arc is greater than the chord A B, and less than 
the tangent M N. Let us ascertain the diiference 
between M N and A B : 

M C=6.97i532 x tang. 30' A D=6.974533 x sin. 30' 
Log. K 6.8435151 Log. R 6.8435151 

log. tang. 30' T.9408584 Log. sia. 30' 7.9408419 
Log. M 4.7843735 Log. A D 4.7843570 

110=60865.8 yds. 

A D=60863.5 DifFerenee=2.3 yds. 

MO— AD=2.3. 

Hence we see that the longest hne that can be drawn 
on the surface of the earth within the limits of one de- 
gree, differs from its projection on the Iiorizon of its 
middle point by a quantity less than 4,6 yards, which is 
quite insignificant in comparison with the length of the 
line, and may be neglected. Hence within the limits 
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I of topography, which ordinarily is not concerned with 
fto large a portion of the earth's surface as is referred to 
in the calculation jnst made, we may regard the linu 
and its projection aa equal. Hence if we project all 
the points of the arc A E on the plane M N, by radii 
of the earth, it is evident that we shall have, if we 
conceive these projections to be united, a very exact 
representation of the surface to be surveyed, and the 
distances between the points will be horizontal. 

If, in order to represent on paper a portion of conn- 
try, we commence at one point and proceed from de- 
ail to detail, fixing each as we attain it, we incur 
Pwrors, which, continually accnmulatinj;, would bring 
about the most defective results. On this account, the 
Bubject of obtaining the horizontal projection of a 
country is subdivided into two parts, the first con- 

t«8ting in the selection and determination, with the 
.greatest accuracy possible, of the most remarkable 
points, which are called principal or primary points. 
The second consists in filling in the details. In this 
part we use the wel!-determined primary points, and 

»'from their positions ascertain and fix the projections 
of other distinguishing points and characteristic lines. 
The principal points having been selected, conueive 
each of them to be projected by vertical lines on a hori- 
zontal plane, and their projections to be joined by 
right lines. A polygonal figure results, and it is now 
a question as to the character of the method to be 
porsued in ascertaining the data necessary to enable 







HHITAHT BUKTEYIKO, 






lilar polygon on paper. Starting 
from any point, as a, it is 
evident that we can ine»- 
Biire ab, hh, M, etc., and the 
angles of the polygon. Then 
assuming on a sheet of pa- 
per a given direction for the 
first Bide, ab, and a pOEition 
for a, let us take the representation of the distance cA 
from the scale of eqnal parts, and lay it off from a; 
we thiiB determine b on the sheet. Then lay off an 
angle at h equal to the measured angle a h h, and 
draw a Hue in this direction ; on this line lay off a dis- 
tance from the scale proportional to h Jc; this gives*; 
and so on for other points. This evidently can be 
done, but it is generally more laborions and less exact 
than another method ; still it may be applied to war- 
veys of small extent. 

Generally, in extended anrveys, it would be impos- 
sible to measure all the distances, owing to the diffi- 
culties of the ground, and, fortunately, it is not desira- 
Ible. Tlie most advantageous method is to apply the 
principles of trigonometry. 
If we conceive the prinoi.pal points to be joined by 
right lines, we may subdivide the polygonal figure 
into triangles, in which, as we pass from one to another 
adjacent, WB find a side in common. If, then, we are 
able to measure the length of one of these lines, and 
the various angles of the triangles, we have sufficient 
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Eta to obtain the lengths of ail the other lines by 
aceases of trigonometry. 
But, since the object of the survey is to furnish the 
rizontal projections of the different points, it ia 
cessary to obtain for the given side the horizontal, 
and not the actual distance measured on the ground ; 
and it is further necessary that the angles used in 
^^onr calculation should be horizontal angles. Hence 
^■In see that neither the angles nor the aide which we 
^Hneasure on the ground are correct elements for our 
^Tubsequent calculation, unless in the very rare case, 
that within the limits of the survey the ground is a 
horizontal plane. Both then must be subjected to 

Eiuctions to the horizon. It may be remarked, bow- 
er, that all instruments with a graduated horizontal 
lb for the measurement of angles give an angle re- 
duced already to the horizon, and, consequently, not 
liable to any correction on this account. Snch are 
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Let A B K L, Fig. 3, represent the irregular poly- 
gon formed on the plane of projection, by joining 
the feet of the vertical lines through the principal 
points, and let ub suppose that we have measured di- 
rectly the side F N, which is called a base. Let the 
les F, N, in the triangles F N B, F A N, F B N, 
F G N, be measured ; then in each one of these triangles 
we have one side and all the angles, and by known 
processes of trigonometry we may find F A, F B, etc., 
N A, N B, etc., and thus fix the points A, B, etc. 
Then, for instance, in tho triangle F L B, knowing 
the side F B, and measuiing tlie angles, we may find 
F L and B L, and so on till all the parts of all the tri- 
angles have been determined. 

This system admits of numerous verifications, thus: 
D is first determined from the triangle F N D, and 
again from the triangle F D G, and the same may be 
eaid of almost all the other points. 

It is easy, after having obtained these elements, to 
construct, on paper, a polygon similar to A B K L C, 
first taking from the scale according to which the 
map is to be constructed a distance to represent the 
base F N. This being laid down upon the paper, the 
pOTitiona of the other points are readily found, and 

I the projection of a point, situated at the vertex of two 
angles, may be regarded as exact. 
Base. — We are now able to assign the conditions to 
be fulfilled by a good base: 
1. It should be chosen on level or nearly level 
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ground, so that it can be easily measured. A straight 
piece of road would be favorable. 

2. From its extremities a number of tbe principal 
^BpointB sboald be visible, as tliJE dimiDishes the number 
^ft^ef etations necessary to be occupied for tbe measure- 
^■j^nt of angles. 

^Vi 3. It should lie near tbe middle of the ground to be 
■ fiorvejed. If it were at one extremity, an error com- 
mitted in the measurement of an angle would run 
tlirough and accumulate in all the triangles ; but when 
the triangles are arranged about this line nearly sym- 
metrically, or rather equally, the error is more evenly 
distributed. 

It may be desirable in a lai^e survey to measure 

»two bases, one near each extremity. The calculated 
Value of one, deduced by triangulation from the mea- 
Bured value of the other, should very nearly coincide 
witli its dii-eet measure, thus affording an excellent 
test of accuracy. 

The base should be measured with care, and ehoold 
be of snflScient length, that the triangles into which it 
entere, as a side, shall not be 
too acute. 

To pass from a hose to 
another of double length. — 
Let ns suppose that, from any 
circumstances, we have been 
compelled to adopt a base A 
B, which is too short: at E 
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erect the perpendicular B ; at A lay off an angle of 
60° and draw A C, which h ec[ual to twice A B ; for 
producing A B to A', making B A'=B A, and join- 
ing A' and C, we have two equal triangles, ABC, 
A' B ; and the angles A and A', heing each 60°, 
the angle A C A' is alao=:60°, and the triangle A O 
A' IB equilftteral, and either side of it is equal to twice 
AB. 

The measured base is generally much shorter than 
the aidea of the largest or primary triangles, and often 
it is necessary to have one or two comparatively small 
triangles, by means of which we obtain a new baae of 
Buflieient length to enter as a side in the larger pri- 
mary triangles. 

The base generally cannot be chosen on level 
ground; and it may have a continnona or constant 
slope, or it may consist of parts having different iucli- 
nationa to the horizon. In the first case, tlie measured 
distance on the ground between its extreraitiea and 
its slope must be taken ; in the second, the lengths of 
the different portions and their respective inchnations, 
which, by tJie following process, are reduced to the 
horizon. 

Reduction to the Horizon.— Lst A D he a measured 
jj distance, and A D' its 
projection on the hori- 
2on,then from the right- 
angled triangle,wehaye 
A D'=A D COS. a. — This formula ia very simple;'* 
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bnt it is preferable to transforin it, bo that it will give 
the difference between the measured line and its pro- 
jection, as COS. o=l — 2 ain.' ^a we have 

S=B (1-2 sin.'i a) and E-J=2 E sin.' J a. 
When a base is measured, the length and inclina- 
tion of each one of its parts are taken, from which we 
derive a series of equations aa follows, viz.; 
^^B— J=2Bsin.'ia. 
^^kB'— &'=2 B' sin.' J a', and by addition: 
^B^B+B'-)-B" etc.)—{h+h'+b" etc.)=3 (B sin.' J a 
^^W sin.' 1 a' + etc.) 

Calculating separately the terms in the second mem- 
ber, and adding them together, we have the whole cor- 
rection to be subtracted, aud if this correction is so 
small that it would not be appreciable on the scale 
of the map, it may be neglected and the measured 
base be taken as correct. 

The accompanying table furnishes the corrections 
in feet for a measured distance of 100 feet ibr all 
angles of inclination up to 20°, and saves computation 
by logarithms by the preceding formula. 

For a distance of 200 feet, inclination 5°, the reduc- 
tion would be 0.381 feet multiplied by two ; and for 
any other distance, multiply the ratio of this dis- 
tance to 100 feet by the correction taken from the 
table corresponding to the inclination. 

Prima?y TriangulaUon. — Owing to the defects 

I instruments, and personal errors of observation, 

may expect every measurement of angles and 
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diBtAnces to be in error by a qaantity greater or less. 
The nnmber of errors increasl with the nnmber of 
measurements. It, then, is obvionsly an advantage 
to determine the primary points by the minimum 
number of triangles. As, for the same perimeter, the 
equilateral triangle has a maximum area, it follows 
that fewer equilateral than acute or obtuse triangles 
would be required to cover the area to be surveyed. 
Hence, in this point of view, the equilateral is the 
most advantageous form. 

* But the form of the primary triangles is not a mat- 
ter of indifference in another respect. Fig. 6. An 
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error committed in the measurement of the angle B 
induces a corresponding error in the side C C, which 
IB evidently more considerable as the angle C is more 
acute; and for this reason it is an essential rule to 
choose the principal points, bo that the primary tri- 
angles shall not contain a very acute or very obtuse 
angle. 

The side C C thus affected with error is an ele- 
ment, together with erroneons angles, for the deter- 
mination of another line, which in turn serves to 
determine another, and tlius an accumulation of error 
may occur producing the most unsatisfactory results. 
Hence, if the triangles are very acute, there is not 
only a greater chance for error in each, but a greater 
number will be required. 

There is still another consideration on this point 
which is concerned with the length of the sides. These 
depend upon the extent of the survey, the scale upon 
which the map is to be executed, and the precision of 
the instruments used to measure the angles. In a 
large survey, of course, the sides should be longer than 
in a small, as the principal points are farther apart. 

If the scale is small, an error would be inappreciable, 
which on a larger one would be very manifest, and 
the connection existing between the sides and the in- 
strument used for measuring angles may be stated as 
follows. Fig, 6: 

C C is the error E in the side A C, arising from an 
error 5 in the angle B. Call E C=K, E is evidently 
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a ftinction of h and K. To determine the relation be- 
tween these quantities, draw C D perpendicular to 
B C produced. Then G D=K tang. 6, but C C be- 
ing oblique ib longer than C D, hence E>K tang, b, 



r K ia less than - 



If E is the least distance 



tang, b 

which ia appreciable on the map, according to the 
Buale of construction, then evidently, K should always 

I than ■ K, then, may increase as the 

tang, 

scale diminiahes, or decrease as the scale is larger, b 
remaining the same. 

It may happfjn that no discretion can be exercised^ 
but that the nature of the operations demands a cer- 
tain mean length for K, Then, since tang, } <^j we 
may calculate the admisaible amount of error in the 
measuretnent of angles, and from this the instrument 
to be used. 

Again : supposing the length of K to be obligatory 
and fixed, and the observer to have no choice of instru- 
ments, indeed to have but one, the error of which, b, 
is known, then we may assert that the sides of the tri- 
angles will be affected with error at least equal to K 
tang. b. Thus we know the degree of confidence to 
be placed in the result, or we may determine the scale 
which will make this error inappreciable on the map. 

If we regard ris of an inch to be the smallest ap- 
preciable distance on the map, then, when the scale is 
three inches to one mile, this represents about 15 feet; 
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inceK < j-. If tlie scale is six ioclies to tb3 

tang. 



, and if the measuring inBtrnment 



^le K < -, , 

3 tang. 

9 a coiDpass for which b is 15', we have 
K=7.5^xcotaiig. 15' 
Log. 7.5=0.8750613 
Log. cot. 15'=2.3601799 
=1719 feet =3.2352412 
" Sence, nnder these circumatanees, this is the maxi- 
mora limit for the Bides ; and in a eimilar manner 
might he determined the lengths of the sides for the 
iDcket sextant, assuming its error to be 1', or for the , 

Klolite, in which the error J is generally considei 
Kj smaller. 

9 princijpal j)oi7its having been determined by 
I primary triangulation, we are in possession of a 
Jpmher of bases, which serve, in accordance with the 
same principles, to fix other or secondary points, thus 
giving rise to another system of triangles, smaller and 
much more numerous than tlie first. Indeed, each 
primary aide may be an element in many triangles, 
which, when calculated, make known the points at 
their respective vertiees, which generally are impor- 
tant details, such as bends ia a road or stream, the 
summits of slight elevations, etc., etc. These triangles 
B called secondary, 
t will be seen further on how the principal pointB 
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are plotted on the map, and it is sufficient now to re- 
mark that it is not done by the same method that is 
pursued for secondary points. The latter are plotted 
by intersections, a much quicker method than the one 
juat alluded to. For instance, Fig. 3. Having found 
by calculation the distances of the secondary point K 
from the primary points L and B, to plot K, take from 
the scale, by a pair of dividers, the number of foet in 
L K ; then, with this, a radios, fixing one leg in L, de- 
scribe an arc of a circle. Take now B K from the 
scale, and from B as a centre describe another arc, in- 
tersecting the former. The common point is the pro- 
jection of K. Now this common point is evidently 
most accurately determined when the angle at X is a 
right angle, and, were it very acute, there would 
almost certainly be an error in determining the inter- 
section ; hence we may Bay, that the most advanta- 
geous form for secoiidary triangles is that right angled 
at the point whose projection is sought. 

These points are also plotted in another way, which 
perhaps is more often practised, because it saves the 
calculation of the triangles. As soon as the angles 
K L B and K B L are measured, lay them off from the 
map from L and B, and draw L K and B K, the in- 
tersection of which gives K; and, equally as before, 
it is more advantageous to have K a right augle. 
Acute intersections may etill be of value, inasmuch as 
they may be verified by others, hence they should not 
be neglected. 
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Secondary points may be determined in other ways — 
by meaaurement, for instance. Having found B, if 
by any inatroinent we measure the angle made by E K 
with any known line throagU B, as the meridian, or 
let us take B L, and at the same time pace off the 
distance of B K, than construct on the paper a line, 
making with B L an angle equal to the meaanrod 
angle, and lay off on this line a distance equal to E K, 
according to the scale, the extremity of this distance 
is K in projection. This may answer when applied in 
this manner, that ie, starting from a well -deter mined 
point, as E; but if we use K, thus determined aa a 
fitation, for the fixing of another point, and this for 
another, and bo on, indefinitely, each error is added 
to what previously existed, and accumulates with every 
successive operation. It is true that the errors might, 
and generally do, compensate more or less. It is some- 
times unavoidably necessary to apply this method ; 
but no means should be neglected for checking error 
and verifying points, by taking bearings of all well- 
determined stations whenever it is practicable. 

The meridian should be represented on the map. 
The angles, made by any side of a triangle with it, are 
called azimuths. The manner in which they are reck- 
oned from the meridian is arbitrary ; in astronomy, for 
the northern hemisphere, they are measured on the 
horizon, from its south intersection with the meridian 
of the west, and the limit of value is 360°. They 
are sometimes distinguished in the same maimer &s 
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bearinga, aa N. 20" W., S. 30° W., etc., in which case 
the limit of ralue is 90°. 

The magnetic meridian ehoald also he laid down. 
The angle of the true with the magnetic meridian is 
the variation of the compass. 

The second division of the subject of military sur- 
veying lias for its object the obtaining of the data 
necessary for the graphical representation of the re- 
lief of the ground, and the varioas forma which eleva- 
tions and depressions present in nature ; and, secondly, 
to give such a representation of these forms on a map, 
by conventional means, as shall convey an accurate 
impression of the ground. Thia must be done on the 
horizontal plane upon which the points determined 
by triangulation have been plotted, so that we are 
debarred from the construction of profiles or of per- 
spective views. If the latter modes of representation 
are iised, it is for the purpose of presenting forcibly to 
the eye the forms and contours ; but they are no part 
of the subject of representation on a horizontal plane. 

The plan adopted is to conceive the ground to be in- 
tersected by equidistant horizontal planes, cutting from 
its surface curves. The horizontal projections of the 
curves are represented on the sheet, and the inclina- 
tion is inferred from their relative proximity, while 
the form is inferred from the shape and inflexions of 
the projections. It is evident, since the curves are 
horizontal, their projections on the horizon by vertical 
lines are curvea, equal aud similar in every respect. 
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the inclination becomes greater or less, it will 
1 manifested by the crowding or separation of tliB 
cnrves in projection ; and if the inclination ia uniform, 
from the enmmit to the base, the projections will be 
equidistant along any common normal. This would 
be the case with a right conical or spherical surface. 

Fig. 7 repreaentB_ a vertical and horizontal projec- 
tion of a hill, with the horizontal curves conetrocted. 
The numbers on the horizontal curves represent their 
elevations above some assumed plane of reference. 
The profile throiighy gives a steeper inclination than 
through d, since the carves are nearer than in the lat- 
ter case. 

If we pass these cutting places so near together that 
we may regard the shortest line drawn on the surface 
(if the gronnd from one curve to its adjacent one aa 
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a right line, aa is sensibly the case in the vertical 
projection, Fig, 7, we are able to calculate the height of 
any point between the curves, above the eornraon 
plane of reference, when we know the position of the 
cnrves, aod the inclination of the slope. 

Let A B represent the line cnt out of 
the surface of the ground, between the 
carves 55 and 60, by the vertical plane, 
the section made by which ia repre- 
sented in Fij^. 7, and let it be required 
^^■^ to lind the height of any point, as the 

one marked M, above the plane of reference. A in 
figure is the horizontal projection of A B, and N of the 
point M, and M N ia the altitude of M above A. 
M N=A N tang. A; this added to 55 gives for the 
altitude of M, 55 + N A taug. A. A N may be mea- 
sured by a chain kept horizontal, and A obtained by 
methods to be described. 

Then, if we can construct the projections of the 
curvea, it is possible to find the altitude of any point 
of the ground. 

Let Fig, 9 represent a vertical section of an eleva- 




tion, the planeof the base being the plane of reference, 
and it is required to find points of horizontal carves 
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20 feet apart. It will be seen hereafter how the alt' 
tudes of the points hod, where there is a change of 
in cli nation, are obtained. We now suppose them 
known, and that h is 27 feet and c 48 feet above the 
plane a k, and let it be required to find a point of the 
curve 40. It will be between 5 and c, and its projec- 
tion will fall between h' and c'. It is 13 feet above J 
and S feet below c; assuming a point for tlie required 
one, itnd drawing through it a vertical line k y, and 
throuj^h h the horizontal line h o, we have two similar 
triangles, boo and h k y, and we have o e: i a: : 

ky:h k; whence 6 i= ^= ■ ■ ■■ j and again, 
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' iy; whence 6' 5''=5 y=. ^ 
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— , from which equations we find both the vertit- 

cat and horizontal projections of the required point. 

If we multiply the cutting planes indefinitely, we 

Ikay obtain as many points as we choose, the pro- 

P^ections of which, being joined, give the projection of 

curve (40) ; or, if it be desirable, the curve itself may 

be laid out on the ground, and other curves may be 

constructed in the same manner. 

This method, however, is tedious, and is only resorted 
to for maps drawn on a large scale for fortifications or 
civil constructions. 

In topography the scales are usually small and snr 
made, and hencD it is usual to determine, 
1 accuracy possible, the elevations ( 
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ntiinber of points, particolarly chosea in respect to 
tlieir relations to the form of the ground. The incli- 
nations of slopeg are also meaanred from time to time. 
Connecting the points of the same elevation we have 
a horizontal section, and between two points of known 
elevation, we may interpolate the proper number of 
horizontal curves. Hence it is very important to be 
able to judge accurately of the least sensible undula- 
tions. 

In order to comprehend the slopes, the officer se- 
lects different high points from which he can observe 
them under different aspects; he marks with care the 
beginning, end, and changes of the elope ; this enables 
him to recognize the parts where the inclination ia 
imifonn and tliose where it increases or diminishes. 
He also estabhshes, with the utmost care, the divides 
and the lines of reunion of the waters. 

Standing on the (op of the elevation, at a certain 
point, and looking down, the divide is the line of least 
slope, BO that the rain separates along it, to flow to 
the right and to the left. Hence it is the longest nor- 
mal between twq consecutive horizontal curves. An 
instrument for measuriug slopes, placed on the ground 
at the proper point, serves, when turned into different 
positions, to indicate it by its property of least iiicli- 
r ■ nation. Standing at the proper point, at the yboi of 
I the slope, and looking up, on the contrary, it is, of 
I all lines of the ground passing through this pointflhe 
I steepest. It may not lie, throughout its length, in the 
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same vertical plane ; then, by walking along it and mea- 
6uriiigit,and noting its ciiange of direction, efc, wearo 
able to lay it down on the map. Since it is the long- 
est of the normals between two liorizonCal ciirveg, it 
follows that the salient points of the carves are found 
ujjon it, wliich ia aieo true of the li?ie9 of reunion of 
the water. 

The latter lines, however, are generally ranch more 
easily recognized, since they are often indicated by 
water-courses, or by ditches, as it were, where the 
water from the two slopes unites. These lines are lines 
of the greatest slope if we look down from tlie top; 
looking np from the foot, on t!ie contrary, they are the 
lines of least slope, of all through the same point. 

If the inclination is uniform the normals are of etiual 
lengths, and there is no divide. Tiiia is the case in 
the right conical and sphencal surfaces, the horizontal 
aectioua being eoncentrie circles. In Fig. 10, a J ia 
the projection of the lines of divide, or water-slied ; and 
in Fig. 11, A B is the projection of the line of descent 
of the water. 

The properties of these lines prove their importance 
in giving the forms of the horizontal curves. 
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Having, by the level, determined the height of one 
of the principal points above an arbitrarily assumed 
plane, or, what ie equivalent, having arbitrarily as- 
signed an elevation' to the point, supposed to bo visi- 
ble to a considerable distance on every side, let us sup- 
pose it to be occupied as a station, with a theodolite, 
or auy of tlie less valoable instruments to be men- 
tioned for measuring vertical angles, and the angles 
of elevation or depi-ession of the remaining principal 
points to be determined. Their distances apart, in 
projection already calculated, raultiplied by the tan- 
gent of the angle of elevations, respectively cor- 
rected for the height of the instrument above the star 
tion, is the difference of elevations, which, applied to 
the elevation of the station, gives the elevations of 
the other points above the arbitrary plane of reference. 
If one or more of the points be below the occupied 
station, the product of the tangent of tlie angle of de- 
pression and the horizontal interval is the difference 
of level between the instrument and the points. Thus 
we determine the elevations of the primary points. 
The elevations of the important secondary points may 
be£xed in the same way, either trom themselves as 
stations, or by occupying only the primary points. 
Both processes usually coexist. The important points 
are the summits, the origin and end of the slopes, the 
places where they change, pi-ominent poinds of the 
divides, ravine, and water- co u rs es ; these, with fre- 
quent measure of the slopes when they are uniform and 



J 



MILITAEY BUEVEYISO. 31 



^Klhen they cliange, afford sufficient data to construct 
^ttbe curves. 

^E. These, when accurately projected, with the altitude of 
one, and the eijnidiatauce, enable one to ascertain the al- 
titude of any point, and constitute an exact repreaen- 
Ktion of relief. It is not the only method, however. 
As a subsidiary method, in order to give more effect 
the representation, and to enable the eye to judge 
more quickly of the relief, the lines of greatest slope 
are introduced. These lines are normal to the curveS) 
and their projections are perpendieulai- to the pro- 
jection of the curves. Tiiia supposes the curves to be 
BO near together that the portion of the line of great- 
^_^t slope between them is a right line. The next 
^■element of the line possesses the same property, with- 
^Bnt necessarily being a prolongation of the first, and 
80 for each element; so that the whole line, regarded 
as continuous, is generally a curve of double curvature. 
It will be a plane curve, and its projection a right line, 
when the curves are parallel ; and this is true when 
the ground assumes the form of a solid of revolution, 
such as a right cone or hemisphere, which, however, 

■|b not the case in nature. 
\ Instead of making the projections of these lines, 
which are called hachures, continuous, it is usual to 
tenninate them on the horizontal curves, which then 
will be sufficiently designated, and need not be traced 
provided the hachures be 
colongation of the ffr^t drawn. 



le eqni- I 






The length of the kachurei depends upon the eqni- 

diBtance of the cutting planes. 

The tint is graduated to represent different slopes, 
and supposes the. ground to be illuminated from the 
zenith. If we conceive four yertical planes at right 
angles to each other, the parallel ones being one foot 
from each other, we have a parallelepiped on, the area 
of the cross section of which is one square foot ; the 
area of an oblique section is greater, and is equal to 
one square foot divided by the cosine of the inclina- 
tion of the cutting plane to the horizon. Then, for the 
same amount of light, it is evident that the smaller area 
will be more illuminated, for the light is distributed 
over a less surface. The depth of the tint thus would 
vary with the cosine of the inclination to the horizon, 
being white for horizontal surfacea. 

This rule is not always adhered to, and in some eei^ 
Tiees arbitrary scales of tints for slopes have been 
adopted, and all that is necessary is that the scale 
ahoald be understood. Ira all, howevei-, the tint deep- 
ens in the same ratio with the steepness of the slope, 
and is effected by making the hachures heavier and 
closer together. 

The following general directions are important : 

Oommence with the feeble slopes, in order to increaao 
the intensity of the tint more regularly, 

"When the projections of the horizontal sections are 
parallel, the hachures are right lines normal to both 
curveB. When the curves are not parallel in projeo- 
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tion, the hachures are curved, their extremities being 
respectively normal to the curves, at which they should 
accurately terminate. 

The hachures of on© section should not be continu- 
ous with those of the one above, but should lie about 
in the previous intervals. Thia enables the horizontal 
curves to be recognized, even when not traced in ink. 
They should have uniform tliicbncsa throughout their 
length, except when they correspond to the top or 
bottom of a declivity, when they are thinned off, to 
assimilate the appearance to the actual case in na- 
ture, where the slopes begin and end in a gradual 
manner. 

"When a slope suddenly becomes abrupt, the tint 
Bhould be deepened by increasing the width of the 
haehure near the extremity, where the inclination is 
increased, or by interpolating short lines between the 
original hachures. 

An artificial embankment, like those on roads, is 
represented by hachvres drawn in the direction of the 
slope, and terminating in a point towards the base. 

Natural precipices are irregular, and are represented 
by heavy lines drawn in the direction of the slope, and 
arranged so as to represent their form. The French 
rule is to make the interval between two parallel 
hachures equal to one-fourth the length. 

The hachures are shorter for steep slopes, and are 
llengthened where the inclination to the horizon is 
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CHAPTER 11. 
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As it is impossible to embody in a map all desira- 
ble items of information, it becomes necessary to ac- 
company it with a written description or statement, 
usually called a " Memoir," wbicli oftea, in addition to 
facts, contains a discussion of the relative advantages 
of certain positions, or certain routes or directions, in 
reference to a propt«ed project. It will then contain 
details of topography and also of statistics. 

An acquaintance with the principles of the art of 
war, and experience in the field, generally indicate to 
the mind the points to be considered ; but as all do 
not possess these advantages, it may be of use to allude 
to the items which Remand particular attention. Some 
of the most important are here mentioned, 

Jiivers. — Their number, position, depth, width, 
sources, mouth, bottom, whether of sand, pebbles, 
rocks, or mud ; whether there are quicksands or not 
the valley narrow or broad f Banks. — Whetiier 
high and difficult of access ; whether they afford mili- 
tary positions ; whether there are islands ; their posi- 
tions; the degree to which the}- facilitate crossing. 
.?(>?■(/«.— "Where situated; character; their existence 
jaften indicated by rapidity of current, recollecting 
that the maximum depth practicable for cavalry is 
about five feet ; for infantry, three and a half feet to 
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two feet, depending on the current; for wagons, about 
two and a half feet. Doea the river rise and fall rap- ' 
idly? data as to degree, la it navigable? if so, for 
what kind of boats, and between what limits! Are 
there any bridges? length, stnieture, width. Can 
tliey be easily destroyed or defended ? Points favar- 
ible for foreing a passage; the width, depth, and ve- 
l^ocity at these points. Means of crossing ; nnmber 
and dimensions of boats that can be collected for 
crossing at a given point. 

Canals. — Width, depth, points connected, means of 
.destroying them, etc. 

Marshes and Ponds. — How are they formed ! from 
iringB, rivulets, or by overflow ? Are they ever prac- 
sable! if so, when! Itoads across tbeni, width, de- 
iription, etc. Are they unhealthy ? Can the roads 

ly repaired, destroyed, or defended ? 
Iiyundatio7is. — How produced, and to what extent; 
lime necessary, means of preventing them; between 
■hat points communication may be cut oiT; the 
ietour they compel, etc. 
Woods, Forests. — Position, shape, extent in all di- 
rections ; character, whether open or tangled ; prac- 
ticable for horsemen, wagons, or infantry ; large or 
#BalI trees ; species of trees ; roads through them ; 
aracter and position ; character of the ground ; are 
any ridges, ravines, streams^whtitdirectionhave 
ley, and how long? can it be defended easily! the 
lints where the roads and streams debouch. 
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ffeathj Hedges. — Kind, height, thickness, good 
fence, or not. High heath generally practicable, 
whero it is low ia often marehy. 

Roods. — Of every description, from the hroad mac- 
adamized highway, to the merest trail to be noted; 
direction, width in feet; whether variable or constant; 
whether bordered with trees, hedges, or ditches ; grade 
favorable for wagona with heavy loads or not; state 
of repair, facilities of repair; whether always practica- 
ble, aad when; whether commanded within cannon 
range ; whether other roads can be opened easily ; 
means of obstnicting them ; number of honrs' march 
between positions for camps ; sandy or hard ; road 
covering, positiona for defence ; detiles, their length, 
width, nature of ground at their debouches. 

FortiJkatio7is,per7>m'ii&nt or temporary. -~~'l!hQiTch&T- 
acter, objects, defensive relations between them, etc. 

Fortified Cities. — Population ; temper of inhabit- 
ants ; supply of provisions ; means of obtaining them ; 
whether euitable points for depdta, workshops, and hos- 
pitals, or not ; particular description of fortifications, etc. 
Villages. — Kind of hooses, wood, brick, or stone, 
in contact or separated ; gardens with hedges, or not ; 
means of attack and capacity for defence; walls, etc. 

Military Positions are to be considered under the 
following points of view: the actual extent, variety, 
and contour of the ground ; the facility of communi- 
cation between difi'erent parts ; adaptation to the prin- 
cipal arms of service ; command over surrounding 
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ground ; its approaches and debouchea ; whether diffi- 
cult for the enemy, with accurate descriptions of the 
natural or artilidal ohataclea to liis advance. The 
facilities for retreat ; whether the roads are commanded 
or not by eurrounding ground; if bo, at what dis- 
tance ; the character of the flanks. 

Statistics. — Kind and fertility of soil, productions; 
how much wheat and corn to the acre ; amount of 
forage; horses, number and quality; beeves, calvea, 
sheep, pigs; grist and sawmills, and their capacity; 
manufactures. Wagons, boats, mules, healthiness of 
climate, supply of water. Number and capacity 
of houses in villages ; number and temper of in- 
habitants. 

The memoir should be clear and concise in style, 
and legibly written, leaving a mai^u on each sheet 
for remarks of the chief of staff, or commanding 
general. It should commence with the order under 
which the reconnoissance was made, and should briefly 
state all the steps pursued, in the order of their occur- 
rence. 

Particular care should be taken in the orthography 
of proper names, and, to insure accuracy, it is well to 
obtain them of educated inhabitants of the country. 

Nothing should bo reported as true, unless it has 

come within the knowledge of the oflicer ; but it does 

not follow that information obtained from people of 

^MhB couQtry, or other soarces, is to be neglected ; on 

^Bie contrat-y, when not maoifestly untrue, it should be 
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reported witli tlie attendant circumstantiea, to bIiow 
wbat degree of credence is to be given to it, 

Wlien the reconnoissaoce has been ordered in refer- 
ence to a projected operation, tlie officer, after a de- 
tailed description of such points as bear upon its sne- 
cesB, proceeds to a discussion of the means to be em- 
ployed, the advantages to be reaped, and the dangere 
to which it is exposed by vifttie of the probable move- 
ments of the enemy, etc, which it is apparent opens 
up a vast field of hypotheses, which, however, a me- 
thodical mind, familiar with the details of war, and 
the habits of the enemy, will speedily reduce to a 
very few. 

A proper treatment of this portion of the subject 
rec^u ires study ; and as the operation may bo an attack 
or defence of a village, a position for offensive ma- 
ncEuvres with the whole army, or for a defensive battle, 
the passage of a river, the assault of an intrenched 
camp, posting of advanced guards, either an operation 
of petite gverre, or of the most vital importance, it 
13 evident that mental abilities of a high order and 
acquaintance with all the branches of the art of war 
may be necessary for its perfect elucidation. 

Mountains and Hills.^-Do they form a chain ? ita 
direction ; or are they isolated ? Nature of the slopes ; 
are they gentle or abrnpt, open or covered, cultivated 
or not, rocky or smooth ? Are they practicable for 
either arm of the service? if 80, for which ones, aud 
at what points ? 
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A slope of ^ upon 4 (7 altitude, 4 base) is about 60°, 
and is impracticable for infantry ; one of 1 upon 1 is 
difficult for infantry. One of 4 upon 7 (about 30°) is 
impracticable for cavalry. One upon 12 (or about 5°) 
is eaay for wagons. 

It is necessary also to give the time necessary 
to astend tbem. Is the summit a plateau or not? 
Describe tJie ravines ; are there any springs ? what 
facilities for obtaining water? 

The projection which we make of the ground on 
the map is a figure smaller than, but similar to, that ob- 
tained by projecting the points on a plane tangent to 
the sphere, which we have assumed the earth to be, by 
means of radii of the earth. 

If we call any distance on the map unity, the frac- 
tion which we obtain by dividing this length by the 
distance between the projections of the same points on 
the tangent plane, is called the scale of the map. If 
the projected distance between two points be 5,000 
times greater than its representative on the map, the 
scale is said to be j^at, and the area of the map ia (jVi- ! 

part of that which it represents. 

The decimal nomenclature for scales is usually but j 

not universally adopted. Tliey are sonietiines de- 
ls one, two, or more inchea to the mile. One 
(pile containing 63,360 inches, a sciilc of one inch to 
Sie mile would be in the decimal system ^^^^s 

The term scale has beeu extended in its sig- 
hification to denote the geometric figures which 
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make known the disttinces ou tlie ground by 

ineauB of their representatives on the map, or 
reciprocally. When the map is completed, a 
scale of the form in Fig. 12 is often placed upon 
it, which enables one to take off distances with 
tolerable accuracy ; but, for the construction of 
the map, a better form, called the diagonal, is 
represented in Fig. 13, To coustnict it, let a b 
represent the unit of the scale, which may lie 
one inch, half inch, or any other length. On 
ab describe a square ; divide a h and d c each 
into ten equal parts; draw ay and the other 
nine parallels ; produce h a, and lay off the unit 
of the scale as many times aa may be neces- 
sary. Divide a d into ten equal parts, and 
draw the parallels to a ^ straight through the 
points of division. 

The triangle a df, the base af, is on&tenth 
of the unit of the scale, and there are nine other 
similar triangles, the bases of which are niue- 
tenths, eight-tenths, etc., of the distance df. 
The base of the smallest triangle is one-tenth 
riB-ia of rfy, or j-is of the unit of the scale. 

Then, to take off in dividers the unit of the scale 
and any number of tenths, place one foot at 1, and 
extend the other to the point between a and 5, marked 
by the figure designating the tenths. To take off the 
unit of the scale increased by any number of tenths 
and hundredths, place one foot of the dividers on the 
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perpendicular through 1, where it intersects the paral- 
lel which denotes the hundredths ; then extend the 
dividers to that line hetweeti ad and b o which desig- 
nates the tenths. Thua^ q represents 2.58. 

The unit of the scale may be the representative of 
& mile, or ten miles, or any arbitrary distance. If, 
for instance, it were 1000 feet, then each of the equal 
parts, a 1 2, represents 100 feet, and the distance be- 
tween a d and «/", measured on the first parallel, is 10 
feet, on the next 20 feet, and so on, bo that I e would 
represent 2340 feet. 

The scale employed depends upon the character of 

16 map, and hence varies greatly. 

A scale of jvVri oi" "ne inch to 200 feet, permits the 
representation of small details. For a small extent of 
country, a scale of about six inches to a mile is some- 
times used. For greater extents of country, three 
inches to a mile, or sx-jio, which is a large scale. 

For laying off angles we use a protractor, which is 
either, semicircular or rectangular. When semicircu- 
lar, the circumference is divided into 360 equal partsj 
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and nnmbered eaeli waj from the extremity of the 
diameter, from zero to 180°, and from 180° to zero, 
each equal part representing a half degree. To lay 
off from a point a line, making with a given line uaj 
angle, place the contre of the protractor over the 
point, so that the diameter coincideB with the given 
line, and with a fine-pointed pencil mark the point on 
the circumference numbered with the figure designa- 
ting the number of degrees ; join this point with the 
given point for the line required. The use of the rec- 
tangular protractor is similar, 

Angtea may be laid off by a scale of chords, which 
is constructed as follows. Let C D be a quarter of a 
circumference. Fig. 14, 
Conceive it divided into 
90° equal parts, and each 
of them joined with C. 
Th ese lines are thechorda 
for every degree from 
to 00'. Take off those 
lengths, and embody 
cale of chords. It is usually 
found in a case of drawing 
iiistrunienta. The chord of 
C0° is always the radius 
of the circumference from 
which they were taken. 
To lay off an angle from 
any point, let A B be the given line, and A the 
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point. Take from the scale the ebord of 60°, and, 
with A as a centre and tliia as a radius, draw the arc 
E C. Then take from tlie scale the chord of the given 
angle, and, with this as a radius agd E as a centre, 
describe an arc intersecting E C in C ; join A and C, 

I-^en E A is the given angle. 
t For drawing right lines a straight-edge ruler 
'/= 

quired. A right-angled triangle, one side being con^ 
eiderably longer than the other, is very useful in con- 
nection with the rnler. Placing its hypothenuse along 
the edge of the ruler, and sliding the triangle along 
the ruler, each side remains parallel to itself in all its 
positions; bo we may draw parallel lines. The other 
side, in all its positions, being perpendicular to the 
first, we can draw a perpendicular to a given line 
through a given point. 

A pair of dividers, rule and triangle, and protractor 
are sufficient for field purposes. It is, of course, con- 
venient to have other instruments in all cases. 

To copy a map on the same scale, divide it up into 
squares, by pencil lines lightly drawn. On the sheet 
to be filled, construct the same number of squares of 
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the B&me dimeitBion, and make each a copy of the 
correspondiog one on the map. This may he done 
either hy the eye, or hy constructing the eo-ordinatCB 
of aa many points as may be necesaary. The direc- 
tion of a rigbt line is known when two of its pointa 
are determined, which may he done by noting where 
the line or its prolongation crosses the sides of any of 
the squares. Wliere there are many details to be put 
in, it may bo necessary to multiply the number of 
squares, or to divide thena into triangles hy drawing 
the diagonals. 

A piece of tracing paper or muslin, stretehed over a 
map, permits the lines to be seen through it, aod they 
may be traced by a pen. 

If the copy is enlarged or contracted, the sides of 
the new squaria bear to those on the map the ratio of 
the two scales. A 
scale of reduction 
is formed, Fig. 17, 
hy drawing two 
lines oblique to 
each other, of 

cales. Join A and C, and draw the other lines of the 
igure parallel to B C, then it is evident that J c is the 

redaction of the line A b. There are instruments 
luitable for a transfer of a drawing on a different scale, 

which it IB scarcely neceesary to describe. 
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Foe tbis purpose the best instrument is the theodo- 
It can be firmly mounted, admits of thoroiigb 
adjustment, and gives angles generally to witbin a few 
Beconda. Ordinarily, however, circumBtaiicea compel 
the use of inBtruments of less precision, among which 

^»^e tbe sextant, plane ttible, and Schmalcalder or pris- 
piatic compass. The latter, indeed, ia one of the moat 
useful of all devices, as with it alone it ia practicable 
to make all the observations necessary to construct tbe 
horizontal projections of any number of points. It is 

I well, however, to understand what degree of accuracy 
Ire are to expect from a compass. 
T!ie angle between a vertical plane through the 
tens of the needle, and the meridian, is ths declinaiioii 
ut variation of tbe compass. The mean daily value 
pf tile declination may be regarded as a constant 
quantity during the operations of a campaigu, and is 
i -west for all points in tbe United States east of tbe 
line of no declination, wbicb, in 1850, paased through 
jike Erie, and followed a south-easterly course, enter- 
t the Atlantic Ocean near Wilmington, N. C. It 
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bas a sIqv motion to the west. The declination, at 
pointa west of this line, 18 east, and in general terms 
may be said to increase aa we recede from this line. 
Hence, the mean daily ^fariations, determined at in- 
tervals of several years, will be found to present gene- 
rally a decided difference. 

The fluctuations in the declination at the same 
place, during 24 hours, deserve notice, aa they are 
sufficient to produce considerable errors, attaining 
a value aa great as 20'. These fluctuations vary with 
the seasons, and are said to be greater in the buui- 
mer than in the winter, and to vary chiefly in the day- 
time, the declination being nearly constant during the 
night. 

Again : the compass hearing, particularly in the 
small prismatic compass, cannot be read with cer- 
tainty nearer than 15'; and when, as it may well be, 
the errors of declination and reading both have the 
same sign, the total error may be as mnuh as half a 
degree, and even more. This, however, does not ren- 
der the instrument valueless, although it would pre 
vent its uao in fixing the principal points of an accu- 
rate survey. The needle is mounted ao as to remain 
horizontal, when not disturbed, upon a fine-pointed 
pivot, working in a smooth, hard socket, of quartz 
generally, to reduce to a minimum all impediments to 
its free oscillations. 

To magnetize a needle, it is placed, its longest di- 
mension north and sonth, and two magnets are placed 
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on the needle near its middle point, the south pole of 
one on the siJo of the north pole of the needle, the 
north pole of the other towards the other end ; then 
pressing firmly in, and giving the magnets equal in- 
clinations to the needle, they are drawn each to the 
end of the needle to which it corresponds. When 
they reach the ends they are disconnected from the 
needle and replaced in the first positionB, and the pro- 
cess is repeated as often as may be necessary. 

To judge of the degree of magnetizing, and to as- 
certain whether the maximum has been reached, the 
needle is made to raise different weights, not forget- 
ting to reapply the magnet afterwards, since every 
effort of this kind exhausts some portion of the mag- 
netic virtue. 

The prismatic or Schmalcalder compass may he held 
in the hand ; but it is both more convenient and more 
accurate to have it mounted on a tripod, or a single 
staff, particularly when it is desirable to take a num- 
ber of observations at the same station. With the 
staff they can be taken and recorded by the same per- 
son, without loss of time, without a new adjustment, 
which would bo necessary for each observation, as the 
officer would be obliged to lay it down in order to re- 
cord the bearing just taken. 

The Fig. 18 represents the prismatic compass. A is 
the box and B tlie card to which the needle is at- 
tached, and a the pivot which supports both needle and 
card. £ is a sight-rane, having a thread to direct the 




line of Bight ; and F is a reflector, to enable oliaeira- 
tions to be mado upon bodies above the horizon. E 
and F turn about hinges, so that they can be folded 
upon the plate ; and at D ia seen a hinge abont which 
the !ena turns. The card is differently graduated in 
different instruments, sometimea from zero to 360°, in 
others to 180° and back to zero ; and again in othere 
there are four quadrants, each from zero to 90°. The 
curved face of the prismatic lens is turned towards 
the figures just below it on the card. The light com- 
ing from theua is first refracted at the curved face, then 
received upon the inclined plane face, and reflected 
to the eye horizontally. The eye then being applied 
at c, when the needle comes to rest, looking horizon- 
tally, sees the hair E, and apparently coincident with 
it a division on the scale. 
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At G- are colored glaaeeB, whicii turn about a joint, 
aad wliich are used when a bearing of the sun is ta- 
ken. At e is a Bpring, which, being pressed by the 
finger at the time of observation, and then released, 
checka the vibrations of the needle. On the otlier side 
of the box is a lover, by vrhich the needle is thrown 
off the pivot, and this should always be done when the 
infitrument is not in use, for the constant playing of the 
needle wears the point upon which it is balanced. 
The value of the instraraent depends greatly upon the 
fineness of the point of support. 

The graduation is in some to half degrees, and oth- 
ers to 15', depending upon the length of the needle, 
or the diameter of the card. They are made of dif- 
ferent sizes, from two and three inches to six in diam- 
eter, Tlie inBtrunient has a brass cover. For use, it la 
usually carried in a leather case, made to fit it, swung 
over the shoulder by straps, or without straps it is 
carried in the pocket or satchel. 

To use the instrument, adjust the prism by moving 
it up or down by its slide, so that the divisions and 
figures on the card are seen distinctly; apply the eye 
to the aperture in rear of the prism, and bisect with 
the thread the object whose bearing is to be taken ; 
press the spring e, to check the vibrations of the card, 
and read the degrees and parts corresponding to the 
division on the scale which coincides with the thread- 
By moving the eye up and down, one is able to aee 
the thread and division at the same time. 
3 
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This 18 a very valuable instrument for military pur- 
poses. It gives magnetic bearings to within a quar- 
ter to a half degree, depending upon the diameter of, 
the card. It is portable, requires no adjustment, and 
is sufficient to enable us to determine any number of 
points. The angles measured by it are in the plane 
of the horizon. The card should be horizontal, or 
nearly so ; if too much inclined it does not move 
freely. 

A vernier is an auxiliary graduation, which enables 
us to estimate fractional portions of the smallest divi- 
sions of the limb. It applies equally to linear and 
angular measurements, and when explained in one 
case, it will readily be understood in the other. 

For sake of illustration we will take the case of the 
sextant ; but first we will give a general explanation. 
Let us take two equal arcs, one on the arc of the index 
arm, and one on the limb, supposing the former to be 
subdivided into n equal parts, each of which is equal 
to d^ the latter to contain (t? — 1) subdivisions equal 
to D. Hence we will have (ti— 1) D=7i d^ from which 
results : 

D 



D-(^= 



n 



2{D-d)=2VL 

n 

m CD^d)=m — 

n 

The i^raduations of the two arcs being in the same di- 



refition, if the zero of the vernier ia found between two 
graduations of the limb, the distance which separates 



first division of the vernier coincides with a division 



P' 



division of the vernier coincides with a division 
on the scala Hence, in reading an angle we look 
along the vernier, to see the number of the division 
which coincides with a division on the limb, and mul- 



nuniber of degrees and parts of a degree correspond- 
ing to the division on the limb which the zero of the 
vernier has just passed. 

It may happen that no division of the vernier coin- 
cides with a division on the limb, hut that one of the 
eqnal parts of the latter contains two divisions of the 
former. If we suppose the middle of the apace on 
the limb to coincide with the middle of the space on 

the vernier, the error will be , since — ^— = . 

2n' 2 2™ 

Hence we may say that while the vernier reads to 

3 n' 
In the pocket sextant, D is the Bmallest space on the 
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limb, 30^ An angular space of 14^ 30' on the ver- 
nier is divided into thirty equal parts. Hence n being 

equal to 30, — is equal to 1'. So if the zero of the 

n 

vernier should fall between the two divisions which cor^ 
respond to 87** and 87® 30', we look along the vernier 
and find the 17th division, coincident with a division 
on the scale, the angle measured will be 87® 17'. 

On the arc of excess of the sextant, when the zero 
falls between two divisions, since the graduations are 
in diflferent directions on the two arcs, the reading is 
taken as follows : Read the degrees and parts of de- 
gree corresponding to the last division passed by the 
zero ; run the eye back on the vernier till coincidence 
is discovered, as before supposed, at division 20 of ver- 
nier, then D— 20'=10' is to be added to reading on 
limb. Generally, then, look back on the limb till co- 
incidence is found ; estimate the minutes and seconds 

« 

corresponding and subtract them from D ; add the re- 
mainder to reading on limb. 

It is needless to say that, if the zero of the vernier 
coincides with any division on the limbs, the angle 
will be given by the number of degrees and parts of 
degree corresponding to. this division. 

E D, fig. 19, rep- 

^ resents the vernier 

above described; the 

smallest division on 

Fig. 19. the scale is 30', and 
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thirty diviBions of the vernier cover twenty-nine on 
the limb. The least count of the vernier is always 
equal to the least graduation on the limb divided by 
the number of parts on the vernier, in this case 30' 
divided by 30, or one minute. The reading on the 
limb is evidently 10®. 

Theodolite. 

This instrument is most valuable, since it measures 
horizontal and vertical angles with great accuracy, 
and is suitable also for making astronomical observa- 
tions for latitude and time of day. 

At A and B are seen two circular plates constitu- 
ting the horizontal limb, the upper one carrying the 
verniers, the lower having a larger diameter than 
the upper, and a chamfered silvered edge to receive 
the graduations, the number of which depends on the 
circumference of the limb. Where it is five inches in 
diameter the graduations are usually to half degrees, 
the vernier giving readings to one minute. A micro- 
scope, E, serves to read the verniers, of which there 
are two, at opposite extremities of a diameter, one of 
which is at a. 

The axis C is of conical shape, and is composed of 
two concentric surfaces nicely fitted to each other and 
working easily. The external one supports the plate 
B, and the inner is attached to A, which bears the 
superstructure. The external part of the axis fits into 
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a ball, D, and tlie parts ar« held together by a screw 
at tlic lower end of the iuternd axia. 

The paralltil plates F aod G- are held together by a 
ball and socket at D, and are made parallel hy four 
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milled-lieaded screws, three of -which are shown at 5 
in the figure. These turn in hollow cylinders inserted 
in the plate G, and their heads press against the plate 
y. Beneath tliere is a female screw, adapted to a 
staff head, which is connected by brass joints to the 
tripod. The legs of the latter, when they are brought 
together, make a conical figure, and when extended 
constitute a firm support. 

The limb B can be fixed in any position by the 
clamp screw H, which closes the ring C upon the 
axis. The tangent screw I permits a slight motion of 
the plate B when II is clamped. 

A similar pair of screws, clamp, and tangent pwferni 
the same office for the vernier plates. These are not 
shown in the figure. 

On the vernier plate are two spirit-levels, at right 
angles to each other, to level tbe limb B. At J is s 
compass, ^ 

Tlie frames K and L support tbe cylindrical pivot*'" 
of the axis of the vertical arc. This arc is graduated, 
and has a vernier e, which serves to read to one min- 
ute, and the microscope N enables one to read the 
vernier in any of its positions, 

O is tbe clamp screw and P the tangent screw for 
the vertical are. Tbe level imder the telescope is at- 
tached to the tube at one end by a joint, and at the 
other by a caps tan -headed screw J, which, being turned, 
moves the end oft he level up or down ; and at j is a 
Bcrew which moves the other end of the level horizon- 
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tally, BO (19 to put its aiia in the vertical plane, 
Uirougli the line of coUimatiou of the telescope. 

The telescope rests in cylindrical rings which ave 
supported by the Y'a A A ; it is held in its place by 
the clips i i, which are opened by removing the pins_7'. 

At m there is a reticle of two spiders'^Iinea at right 
angles to each other. The adjusting screws for the 
wires ai-o four in number and work by pairs. One 
should always be loosened before the opposite one is 
tightened. 

The telescope is of the ordinary achromatic form. 
The tube of the object-glass is moved to and fro by the 
screw-bead Q. The tube containing the eye-glass may 
be extended or pushed in, in oixler to adjust to dtatinct 
vision. By a motion of the object-glass the image is 
thrown on the plane of the reticle. The eye-glass 
should be placed to show the cross-hairs and the image 
distinctly. The image is in the plane of tbo wires 
when a motion of the eye in any direction fails to 
separate the wires and image. 

The first adjustment ia to make the line of colli- 
niation coincide with the axis of the rings in which 
the telescope rests. To make it, direct the intersection 
of the cross-hairs to a distant" well-defined object, 
causing the horizontal wire to cover a well-mark- 
ed point of the object. Turning the telescope half 
round about its axis, so as to bring the level on top, if 
the point remahis on the wire the adjustment is com- 
plete ; if it docs not, move the wire over one-half the 
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deviation by tbe screwa at m, releasing one before 
tightening the other, and correct the other half by 
elevating or depresBing the telescope. Renew the 
operation, to see whether half the deviation has been 
correctly estimated; if not, another approximation 
ranst be made. A similar course of procedure ad- 
jnats the vertical wire, and the observed point wiU 
he found to remain in apparent coincidence with the 
intersection of the cross-haira during a rotation of tlio 
telescope. 

Tbe second adjustment has for ita object to 
make the axia of the level parallel to the line of 
collimation. Open the clips * ^, clamp the vertical 
limb, and bring the bubble to the middle of the tube 
by turning the screw P. Take the telescope off its 
supports and reverse it, end for end, with cure. If in 
this new position the bubble is in the middle of the 
tube the adjustment is correct; but if it retires to 
either end, bring it to the middle, half by the Bcrew_/, 
which gives a vertical motion to one end of the level, 
and half by the tangent screw P. This is repeated 
till the adjustment is thorough. Revolve the telescope 
in tbe Y'a ; if the bubble does not remain in the mid- 
dle, turn the screw g nntil it is brought back. Re- 
examine the first part of the adjustment. The screw 
ff gives a lateral motion to the level. 

The third adjustment requires the axes of the levels 
on tlie limb to be perpendicular t« the axis of the in- 
strninent. For this purpose clamp the screw H, and 
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turn the vernier plate till the telescope is oyer two of 
the parallel levelling screws. By turning the latter 
in appropriate directions, bring the babble under the 
telescope to the middle of its tube. Turn the vernier 
plate 180°; if the bubble remain in the middle, one 
line of the horizontal limb is horizontal ; if not, bring 
the bubble back, half by the levelling screws and 
half by the screw P, and repeat this till the bubble 
remains in the middle in either of the positions. Turn 
the vernier plate 90®, to bring it over the other two 
parallel plate screws, and go through the same process 
for these. If these operations have been correctly 
performed, the bubble will remain in the middle while 
the vernier plate revolves. The axis of the limbs is 
now vertical. By means of the adjusting screws of 
the levels and the vernier plates, bring their bubbles 
to the middle of their respective tubes. 

These adjustments being performed, the vertical 
limb should read zero, but it generally does not. The 
vernier may be adjusted, but it is better to proceed 
as follows, viz. : To obtain the elevation or depression 
of a point, direct the intersection of the cross-hairs 
upon it, and read the vernier on the vertical limb and 
record. Keverse the telescope end for end, and turn the 
vernier plate 180°, and remeasure the vertical angle 
and record. The half sum of these readings is the an- 
gle, unaffected by a faulty position of the vernier. 

The horizontal limb is provided with two verniers 
at opposite extremities of a diameter, and the gradua- 



tioiis run from zero to 360°. On the vortical limb, 
the graduations proceed from zero to 45°, in eithei" 
direction. Tlie angle read from the vertical limb ia-_ 
tlien either the altitude or depression of the objec 
observed. The complement of tlie altitude, in the iira 
case, and 90° — the depression, in the second cast 
the zenith diritauce of the object. 

To measure a horizontal angle with tlie theodolitefl 
place the axis directly over the centre of tlje station, 
by means of the plunib-Hne suspended from the asie. 
Bring the telescope over each pair of levelling screws 
alternately, and by turning the individuals of e 
pair in opposite directions, make the limb horizontal^ 
wliich will he the case when the small levels retain ' 
the bubbles in the middle, as the instrument turns. 
Clamp the horizontal limb and direct the telescope 
to one of the objects. Clamp the vernier plate, and 
by its tangent screw cause the object to appear on 
the intersection of tbe cross-hairs; read the verniers 
on the horizontal limb and take their mean. TJikJ 
clamp the vernier plate and turn the telescope as bw 
fore to the second object, and take the mean of th) 
two vernier readings. The difference between 
two means is the angle required. 

The fact that the lower plate is movable enablee 
to repeat the measurement on a different part of the 
limb. To repeat the angle jnst measured, unclauip 
the lower plate, the upper being clamped to the latter.J 
Turn the instrument till the telescope ie again i 
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rected to the first object ; clamp the lower plate, and 
complete the pointing of the telescope by the tangent 
screw I. Unclamp the upper plate and torn it till 
the telescope is directed to the second object ; clamp, 
apply the tangent screw, and read the verniers as be- 
fore. The difference between this and the last mean 
id another value for the angle between the objects. 
It is well to repeat the angle four or five times, and 
take the value obtained by dividing the difference be- 
tween the first and last readings by the number of 
repetitions, for the angle. 

Sextant. 

The optical principle involved in the sextant is, that 
a ray of light reflected once by each of two plane re- 
flectors, in a plane normal to their intersection, is devi- 
ated from its original direction, by an angular amount 
equal to twice the angle of the reflectors. To prove 
this, let A C and B represent sections of the reflec- 
tors by a plane perpendicular to their intersection, 
and R M an incident ray reflected at M and N, mak- 
ing, in each case, the angles of incidence and reflec- 
tion equal. Then N O is its direction after two 
reflections, and the angle R O N is the deviation, 
which is equal to twice A C B. Draw normals to 
the reflectors at the points of incidence and denote by 
<t> and 0' 0'', the angles of incidence marked in the fig- 
ure. The angles D and D' are evidently equal to A 
B. But being an exterior angle of the triangle. 
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D M N is equal to 0'+^, and from the triangle M' N 
D', 0' being an exterior angle, we have 

0'=0''+i, and from the first 0'=0— i. 
Subtracting these equations, member by member, we 

have 

0-0^^=2 i. (1) 

But from the triangle M "N" O we have 2 0=2 0' + O, 
or substituting for 0' its value, 

2 0=2 0'' + 2i+O. 
But from equation (1) 2 0=2 0''+4 i. 

Hence O =2 i. 

If the reflector B C be transparent at N, the eye at 
O will see R and R' apparently coinciding, since 
the light from both objects enters the eye from the 
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I tame direction, tbe first after two redections, t]ie 
[ second directly, and the angle at the eye between K 
I Slid R' ia O, which has juot been proved equal to 2 t. 
Hence, it' we can proviile any means of iDeaeuring the 
angle of the refloctora, when the objects are seen in 
> coincidence, double it, and we have the angle be- 
! tween tbe ubjects. 

A double-framed sextant is shown in the figure. F 




ia one of the reflectors, G is the other, which, however, 
is only half ailvered on the back, the half farthest from 
the plane of the limb being transparent. F is called 
the index glass, and rests on a circular plate, which ie 
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movable by the index arm I E, which turns about the 
centre of the arc B 0. The index glass obviously varies 
its inclination to the horizon glass G, as the index arm 
is made to take different positions. K and N are col- 
ored plane glasses to qualify the light from the sun. 
L is a telescope, and H a microscope to read the ver 
nier E. At A the double frame is shown connected 
by braces, making the instrument firm. O is the 
handle. B C is graduated into angular divisions, and 
each half degree is marked as a whole degree, so that 
if the arc B E be considered as 55°, the graduation 
would read 110°. This spares the necessity of doub- 
ling the angles made by the reflectors. 

The telescope is supported in a ring attached to a 
stem, ^, called the up and down piece, which can be 
raised or lowered by turning the screw M. The object 
of this is to place the telescope so that it will receive 
equal portions of light through the transparent and 
from the silvered part of the horizon glass, thus mak- 
ing the two images appear equally bright. The planes 
of the index and horizon glasses are set perpendicularly 
to the plane of the limb, but are susceptible of slight 
changes of position by means of small adjusting screws, 
one of which is seen at i. In some instruments no 
provision is made for changing the position of the 
index glass. It is set by the maker at right angles 
to the limb. 

The zero of the graduation should be at the point 
of intersection of the plane of the index glass with the 
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limb, when the former is parallel to the horizon glaea. 
Tlte graduation extending to a few divisions to the 
right of the zero, is called the " arc of excess." If the 
zero is not at the proper point, there is an index error. 
The index arm carriea a vernier. The eextant ia gen- 
erally provided with two telescopes, one of which in- 
verts. 

The pocket sextant differs in arrangement from the 
larger variety, but not in principle. The index and 




horizon" glasses are enclosed in a brass box of two or 
three inches diameter. The top unscrews and is screw- 
ed on the bottom for a handle. The box protects the 
glasses from all ordinary chances of injury or dis- 
placement. The horizon glass maybe moved slightly 
for adjustment, by taking the key c from its resting- 
place, and turning with it the levers a and d. The 
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screw G secures the telescope to the box ; bat the 
strnment may be used without the telescope. The eyi 
piece has a colored glass, and two in the interior of the 
box may be interposed, if necessary, to moderate the re- 
fleeted intensity. The graduation is to 30' on the scale, 
and read by the vernier to 1', the graduation extends 
to about 140°. I is the movable mioroBcope fur reading 
the vernier. The index glass is fixed in place by the 
maker, and will remain in adjustment, unless under 
extraordinary treatment ; hence no means of adjust- 
ment for it are provided. 

This is the usual form of the pocket sextant, al- 
though, in some instriimenta, certain modifications 
have been introduced. 

There are three adjustments for the sextant, as 
follows: 1, To make the index and horizon glasses 
perpendicular to the graduated limb. 2. To make 
these glasses parallel when the index ia at the zero of 
the scale. 3. To place the optical axis of the tele- 
scope parallel to the graduated limb. 

Isi Adjustinent.—Romove the telescope ; bring the 
index to the middle of the scale; hold the instrument 
horizontally and look obliquely, so as to see one por- 
tion of the limb by direct vision, and another portion 
by reflection. If the appearance is continuous and not 
broken where the two portions seem to join, the index 
glass is perpendicular to the limb, Tiiis glass is rarely 
out of place, and, e& before observed, generally no 
means of restoring it are provided. 
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The horizon glaBS is perpendicular to the limb, when 
a Bweep of the index arm causes the reflected image to 
pass exactly over the direct. The screw i serves for 
correction, if any is necessary. 

2d Adjustment — This may be made, but it is rarely, 
if ever, done. To do it, set the index at zero, and turn 
the telescope to some small distant object; if it appear 
double, ease the screws which attach the horizon glass 
to the instrument, and turn it till the image becomes 
single, then tighten the screws, and re-examine the first 
adjustment. A more usual course is to ascertain the 
amount of error and apply it to the observations. If 
the zero of the vernier is to the right of its appropriate 
place, every angle will be too great, and if to the leflt, 
every reading will be too small. The amount of error 
is called the index en'or^ and is the reading of the 
zero of the vernier when the glasses are parallel. It 
is easy to obtain its value. For this purpose place the 
index near the zero, and look at a star, or, in its ab- 
sence, at a very small distant object. By moving the 
index arm to and fro, two images of the star are seen ; 
clamp the index arm, and by means of the tangent 
screw make them coincide. The glasses are now par- 
allel, and the reading of the limb is the index error. If 
the zero of the vernier is to the right of the zero of the 
limb, we are reading on the arc of excess, and the in- 
dex error is positive, and is to be added to every ob- 
servation ; if on the main limb to the left of the zero, 
it is to be subtracted. 
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Ety the Sim, — Set the zero of the vernier at about 
on the limb and clamp ; direct the telescope to the 
BOn, interposing one or more colored glasses ; holding 
the limb vertical, two ioiagea of the sun will appear; 
by the tangent screw bring them iuto taiigenej at the 
highest point of one and lowest point of the other, aod 
read the limb, record it as " on the arc." Unclarap 
and set the veruier on the other side of the vernier at 
about 30', two imiiges again appeal". Bring about 
tangency as before, and record tlie reading off' the arc. 
ke half the ditferooce for index error. 



[ 



EXAMPLE. 



Reading on the arc, 31' 
" ofi' the arc, 31 



Difference', 
Index error, 



17" 



le sura of the readings should be equal to twice the ■ 
apparent diameter of the sun, aa given in the Nautical 
Abiianac, for the date of observation. li' the reading 
foil' the arc" had exceeded that on, the index error 
Beald have been additive. 

^ Sd A^^uatment.—Thh is made by means of two 
parallel wires placed in the comoion focus of the tele- 
scope, to direct the eye to the middle of the field of 
in which all observations should be made, 
ly divide it into three nearly equal parts. The 
and moon, when their angular distance apart is 
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90^ or more, are made tangent at one of the wires, the 
position of the sextant is then altered to bring them 
on the other wire, and if the tangency continnes the 
adjustment is complete; if not, the position of the tele- 
scope must bo altered by two adjusting screws con- 
nected with the up and down piece. 

The sextant measures angles in the plane of the 
objects and the eye, and hence it is necessary to put 
the graduated limb in this plane. When it is used 
for triangulation, the measured angles must be cor- 
rected for reduction to the horizon. When the plane 
of the instrument is but slightly inclined to the hori- 
zon, it may happen that the error of assuming the 
measured as the reduced angle falls within smaller 
limits than the errors of observation, and the correc- 
tion may be dispensed with. This and many other 
corrections, of small value in surveying, are applied 
or not, according to the sound discretion of the officer, 
keeping in view the degree of accuracy which it is de- 
sirable to attain. 

When the sextant is applied to measure an altitude, 
the graduated limb is held in a vertical plane. When 
the natural horizon is visible, as on extended plains or 
at sea, no collateral instrument is necessary, and the 
manner of observing is as follows: holding the in- 
strument in the right hand, and in a vertical position, 
the observer directs the telescope to the horizon, ex- 
actly under the heavenly body, and with the left hand 
moves the index arm from the zero towards the lower 
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end of the limb, till an image of the body enters the 
field and is near the horizon ; then he clatiips the index 
arm, and turns the tangent screw till the image, if of 
ft star, 18 seen on the horizon. If the sun is naed, he 
makes its image tangent to the horizon, at either the 
highest or lowest point of the disk. The angle read 
from the Uiiib corrected for index error, la the apparent 
altitude of one of the limbs of the sun, or of the star's 
centre. It', however, the observer is above the sea 
horizon, as, for instance, un the deck of a ship, this al- 
titude must be diminished by a correction for dip of the 
horizon. The angle corrected for tJte enu'e semidiame- 
ter, additive or subtractlve, as the lower or upper limb 
iserved, becomes the apparent altitude of the 
It is not the true altitude, however, as it would 
I seen from the centre of tlie earth, wore there no 
atmosphere. The refraction of light by the atmos- 
phere increases the apparent aititade, while parallax 
^Jecreases it ; hence a correction for refraction is to be 
^Bikbtracted, and one for parallax lidded. 
^B^The irregularity of the ground generally prevents 
^^Be use of the natural horizon, and recourse Is had to 
^^■t artificial one, which consists usually of a fiat vessel 
^Hf' mercury covered by a root-shaped frame, its faces 
being of glass, A piece of glass, the back face cov- 
* ered with pit«h, to prevent reflection from the second 
face, mounted on a tripod of screws, and provided with 
a small level to test its parallelism to the horizon, is 
another form. 
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The image of the heavenly body, seen by reflection 
from the artificial horizon,, is as far below as the body 
is above the horizon, and, as the instrument measures 
the angular distance between these two objects, it fol- 
lows that this is the double altitude. To measure a 
double altitude, hold the sextant as prescribed in the last 
case, directing the telescope to the reflected image, and 
with the left hand slide the index arm along the limb 
till a second image appears. When they either over- 
lap slightly, or are slightly separated, clamp, and, by 
the tangent screw, make the disks tangent at their 
highest and lowest points. When they are approach- 
ing tangency, it may be well to clamp and await the 
instant of contact. The angle read from the scale 
corrected for index error is the apparent double alti- 
tude of the upper or lower limb of the sun : upper when 
the altitude is increasing, as in the morning, if after 
tangency the images overlap, and lower, if (altitude 
increasing) they separate after tangency. If the alti- 
tude is decreasing, and the upper limb is observed, 
the images separate after tangency ; if the lower, they 
overlap. 

The second image, brought into the field of view by 
a motion of the index arm, is formed by light from the 
sun, which is first incident on the index glass, then re- 
flected to the horizon glass, and thence to the eye. 

In measuring tlie angular distance between two 
bodies, holding the instrument in the plane of the 
objects graduated, face up, it is necessary to direct the 
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telescope to the left-hand object, the two reflectora 
bringing in the image of the other. But if one of 
the ohjocta is faint, owing to the loss of light in two 
reflections, it may not be possible to see it if it ie the 
right one, in which ease it will be necessary to look at 
it directly, turning the gi'aduatod face down to bring 
the left-hand one into the field of view. 

The advantages of the poeket sextant are its porta- 
bility and accuracy, and the fact that it affords the 
means of solution of many important problems. The 
objection to its use in triangulation has been stated. 
With an extemporized artificial horizon, as a pail of 
water, it gives au altitude. The larger form is one of 
the most generally valuable instruments known. It 
affords data for correcting timepieces, for computation 
of latitude, and even gives a rnde longitude. 

If the sextant be set to rea.d 90°, the glassoB make 
an angle of 45° with each other. Looking through 
the telescope along any line at any object, the image 
of a second object, whose direction is at right angles 
to the line of sight, will be seen coinciding with the 
first, rience we may lay oft" a perpendicular to any 
given line, by sending a signal nearly the proper di- 
rection, and signing it to change position till its image 
is Been above. This is the use of the optical square, 
which has two glasses inclined to each other under an 
angle of 46°. 
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PLANE TABLE ^MEASCKEMENT OF DISTANCES. 

A PLANK tatle consists of a board to bear the paper, 
a tripod to furnish a support, and the intermediate 
arrangement of diiferent constructions, serving to 
level it. In Fig- 2i we have a representation of one 
about 16 inchea square, having its upper edge rabbeted 
to receive a boxwood frame, which, beiug accurately 
tilted, can be placed on the board in any position with 
either face upwards. This frame is intended both to 
stretch and retain the drawing-paper upon the board, 
which it does by being simply preeaed down into its 
place npon the paper, which for this purpose must be 
cut a little larger than the board. 

One face of the frame is graduated from zero to 
360°, about the middle point of the board as a centre, 
in order to make the instrument capable of measuring 
angles. The reverse face of the frame is usually di- 
vided into equal parts, as inches and tenths. 

G is a compaas-box, let into one side of the table by 
a dovetail joint, and held in place by a milled-headed 
screw, so that it may or may not be nscd at pleasure. 
The compass facilitates the putting of the table in po- 
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sitioD, and Berves as a check upon the accuracy of the 
work. 




Fig. 24. 

The ruler, or index E, is of the length of the diago- 
nal of the table, is of brass and about two inches broad. 
It has a sloping or fiducial edge. A sight vane, F, is 
fixed perpendicularly at each extremity, and the eye 
placed at ene of them ; the vertical hair in the other, 
being made to bisect an object, serves to direct the 
4 
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line of vision. The flat snrface of the index is often 
covered by useful scales, as lines of equal parts, 
chords, etc. 

The arrangement between the table and tripod con- 
sists generally of parallel plates with screws, like the 
spirit-level, or ball and socket, for the purpose of level- 
ling, and the table is levelled when a small detached 
level retains in any position on the board the bubble 
at the middle of the tube. 

One method of putting on the paper is to dampen 
its under side, and lay it on the board, confining it by 
pressing the frame into its place. The paper shrinks in 
drying, and affords a smooth surface. It is objected 
to this, that the paper is easily affected by hygromet- 
rical changes in the atmosphere after undergoing this 
process, and some prefer to put the paper on dry, 
keeping it as smooth as possible, and confining it as 
before by the frame. 

The survey may be so large as to require several 
sheets of paper, in which case the old sheet is removed 
when filled and a new one is substituted, which, how- 
ever, should contain two stations in common with the 
first, in order that the two sheets placed side by side, 
the projections of the same stations in both coinciding, 
may make a continuous map. The line on the new 
sheet should be so placed, in reference to the direction 
in which the work is to be extended, as to take in the 
maximum quantity of work. 

Simple modifications of the plane table are prefer- 
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red by some. A plain board of well-aeaBoned soft 
wood (pine or cedar), with compass, the whole made 
so aa to fit on the staff ortripod, is al! that is essential. 
Tlie paper here may be pasted on, aifurding prutection 
against expansions or contractions ; when one board 
is filled np, replace it by another, and after the whole 
work has been done, a general map may be constructed 
from the several parts. 

Instead of sight-vanes, a telescope is sometimes 
mounted, to direct the line of sight. It has a reticle in 
the principal focus of the eye-glass. 

The plane table is in position in reference to previ- 
ously determined points, wiien one line on the sheet 
is parallel to its representative in the triangulation ; 
and this must be brought about at every station, either 
by aligning a pencil line by the index on the stations 
which it joins, or by the compass-bearing. 

Let ua see how, by means of this inatromeut, we may 
form the plan or horizontal projection of the sides of 
the triangle, R S P, Fig. 25. "We first set up the 
plane table at R, and level it. Assume a point on the 
paper directly above the point R, as the projection of 
R, and insert a needle at this point; then direct the 
line of sight to S and P in succession, and draw, with 
a penuil, the lines r p and r 8 in their directions. 
Then measure the distance R S, and, taking from the 
scale of equal parts a distance assumed to represent 
the line R 8, lay it off from r to s, and a will be the 
projection of S on the paper. Transport the instru- 
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ment to S, Bet it up level, and place it so that 8 is rer- 
tically above S, and turn it till the pencil line r « co- 
incides in direction with K S, which will be the case 
when the K is seen bisected by the vertical hair of the 
sight-vane, while the edge of the index coincides with 
8 r. The table is now in position. Set up a needle at 





Fig. 25. 

«, and turn the index about it till P is brought into 
the line of sight, then draw the line sp^ which will 
intersect the line r p m the point p^ which cor- 
responds to P. The triangle «jp r is the plan of 
S P K. By means of a protractor the angles may be 
measured ; and the distances sp and rp^ taken up by 
dividers and applied to the scale of equal parts, will 
give the lengths of the sides S P and P R, so that we 
have a means of determining inaccessible angles and 
distances. 

The point s is placed vertically above S by means 
of a plumb-line, fastened to the lower surface of the 
table just below «, and this is facilitated when the in- 
strument has a clamp screw, and tangent screw for 
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emaU ebangea of position of the table without dia- 
placing the tripod. 

"We will now proceed to exhibit some of the appli- 
cations of this instrument, and the iirst will be to de- 
termine projections of points by the method of inter- 
gectiona. We will suppose two stations, A and K 
(Fig. 26), the distance between which has been ineas- 
nred and reduced to the horizon. We draw upon the 
paper the line a e to represent A E, taking its length 
from the scale of equal parts, as before. Then set op 
the instrument at A, level it, and bring the point a 
vertically above A by means of a plumb-line, and 
make a e coincide in direction with A E, aa before. 
Set np a pin at a and turn the index in succession 
on the stations B, C, D, keeping it all the time in 
contact with tlie pin, and draw according to the suc- 
cessive positions of the index, and along its edge, the 
lines al, a e, a d, which will contain the projections 
of E, C, D, and will represent the projections of A B, 
A C, A D, respectively. Transport the table to E, 
eet it up as before, e vertically above E, and e a having 
Bucb a direction that, when the index is placed on tJiis 
line, A will be in the line of sight. Set up a pin at 
e, and direct the index, always toucliing e, upon B, C, 
D, drawing in succession the lines e b, e o, e d, 
to represent the projeetiona of E B, E C, E D. 
Tlie points of intersection of corresponding lines 
through e and a give the positions of B, C, and D 
on the plan. For instance, the intersection of ai 
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and e h corresponds to B, of a c and e e giyes 0, 
and so on. To avoid confusion and error, it would be 
well to write while at A, along each line drawn, the 
name of the station towards which it is directed, and 
do the same at E. By joining the points thus deter- 
mined, we have a representation of the outline in plan, 
upon the scale that has been selected. 




Fig. 8«. 

In the second method, the instrument is set up at 
each station, and the distance between each pair of 
successive stations measured. It is a longer method 
than the preceding. The table is first set up at A 
(Fig. 26), in conformity to the principles previously 
laid down, and the index directed to E, and a corre- 
sponding line a e drawn on the paper. The distance 
A E is measured, from the scale a distance a e h 
taken to represent A E, this is laid off from a to ^, 
and e becomes the projection of E. The instrument is 
set up at E, and put in position, as before described, 
the index directed towards B. Draw the indefinite 
line e J, measure E B, take its representative from 
the scale, lay it off from e, and the other extremity 
of this length represents B. This operation is con- 



tinned, aod will he verified if, on returning to A, the 
polygon is found to close exactly. 

^TbiB method is practised in representing winding 
ids, the hanks of a stream, and io thickets of woods. 
A third method consists in setting up the table nt 
bnt one station, uaually selected in the interior of the 
figure which it is desired to represent in plan, and 
from which all the other stations are visible, as at 

[ 

B The index is directed in suceession along C A, CB, 
O D, and c, and the corresponding lines drawn in 
pencil Co, J, Cd, and c. Then the distances C A, 
B, CD,, etc are measured, and their representa- 
'es taken from a scale of equal parts, and laid off in 

proper directions, giving a, 6, d, and c. 

The compass affords facility in putting the plane 

ible in position. Let us suppose it to be in a rec- 

igular box : then, at the first position of the table, 

ilace the compass-box on the table and torn the box 

ill the needle coinee to rest in a direction parallel to 
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the longest edge of the box, and draw a pencil mulf 

along this edge as a ruler. At the next station, when 
the table has been set up, place the long edge of the 
compass-boTL along the same right line, and turn the 
table till the magnetic needle resumes its position par- 
allel to the edge ; when tliia takes place the table is in 
position for farther observation. This is of easier 
execution than the previous method, which consists 
in making the lines on the paper lie in the ver- 
tical planes through the corresponding ones on the 
ground. 

If there should be any local cause to darange the 
magnetic position of the needle more at •ne station 
than another, it is evident that the compass would as- 
sign an erroneous position to the instrument. 

If the compass is always fixed in the same place as 
represented in Fig. 2±, it will be sufficient to establish 
the position of the plane table, so that the needle in- 
dicates the same bearing as at the previous station. 

To locate a particular point, as a bend in a road, 
set the instrument up at this point, and turn it till the 
compass indicates the same reading as it did at the 
several stations already plotted on the board, when 
the table will be in position. Set up a needle at one 
of the stations and direct the index (without moving 
the table), its edge against the needle, towards the sta- 
tion whose locus is at the needle ; draw & line along 
the index edge, on that part of the board where the 
point sought is likely to fall ; take up the needle 
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and fix it in the projection of another known station, 
and, as before, direct the index to this station, and 
draw a line; its intersection with the first line will 
be the position of the observer in projection. For 
verification, it wonld be well to use a third station in 
the same way, and the three lines should have a com- 
mon intersection. 




If we have given the projection of two points, one 
of which is inaccessible, we may determine the posi- 
tion of a third point which is accessible. Let a and h 
represent the projections of A and B, the latter being 
inaccessible. Set up the table at A in position by 
sighting B, turn the index to C and draw a c" . Take 
the table to C, and put it in position by using the line 
a c"/ erect a needle at h and turn the index to sight B, 
and draw along its edge h o' ; the intersection with a 
d is the projection of 0. 

If both the known points be inaccessible, and a 
point on their alignment and between them is acces* 
4* 
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sible, we may still fix the projection of the third ac- 
cessible point 0. For this purpose, set up the table 
at M, on the line A B, and place the table in position 
by this line, and assame a point fn! to be the projec- 
tion of M. Sight C and draw along the index edge 
the line mf </ , Go to C and align m/ o' on M 0, 
then <z J is parallel to A B. Place the edge of the index 
on a and sight A ; do the same for J, and draw the cor- 
responding lines; their intersection is C in projection. 
The three-point problem has for its object to deter- 
mine the position of a point from which three known, 
but inaccessible points are visible. Let g^ m, d^ be 
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the projections of the three points, and 8 the projec- 
tion of the point required. At S measure the angles 
GSM and M S D, and through g and d draw two 
lines g a and d &, making a g 77i=:G S M, and m dl 
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H^M S D. Then at g and d respectively, erect per- 
B^endiculars ff o and d o' to g a and d b, and at the 
luidille points oi g m and wi d, erect perpendiculare 
c o and e o'; from the poiots of intersection o, o', as cen- 
tres, describe y wi s and rf w s, their intersection is S, 
^pnce 5'«7ft=ffl^wi = QSM, and ?n s d = m db = 
^HI S D, aubtending equal arcs. 

Hk To construct the angles a g m and id m, with plane 

^Haible set it up at S, placing g over S, and turn it till g 

Hfein is in the vertical plane of S M ; then sight G by 

turning the index about g, and draw a line along the 

index ; this ia g a ; and in a similar manner the other 

angle is laid oS again. 

► The problem may also be solved by successive ap- 
proximations, by setting the plane table at S, as nearly 
in position as posaible, and through the projections of 
the points sighting the points themselves. This gives 
three lines which intersect in a point where the table 
^_is in poaition, and by successive trials nearer approxi- 
^■ipations are made. 

^H Take a sheet of transparent paper, stretch on the 
plane table, and through any assumed point draw three 
lines, making with each other the measured angles at 
8 ; then superpose thia sheet on the map eo as to make 
these lines pass respectively through the points to 
which they reter; prick their point of intersection 
with a needle, and this is the required point on the 
lap. This is a problem of frequent nae in surveying, 
lad occurs in the use of the sextant. 
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The preceding illnstratioiiB of the nae of the plane 
table are Bufficient to ehow its use in surveying, both 
for measuring angles and for plotting a projection of 
a series of points. It is chiefly used in the filling in 
of details, althongh, when it has a graduated limb, 
compass, and telescope, it is available for a wider 
range of usefulness. 

For a rapid survey, such as a reconnoissance in the 
presence or vicinity of the enemy, the following is a 
simple and portable construction of the plane table. 
It is composed of several rules of equal length and 
breadth, held together by being pasted to a sheepskin 
or strong cloth. To make a plane table, they are un- 
rolled and held in the plane by means of two similar 
rulers turning about one extremity, with a small 
hook fastened at the other. When not in use, it 

may be folded up and carried in the 
pocket or holster. It may be fitted 
to an iron-pointed staff. An index 
may easily be made for it, provided 
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Fig. 80. with needles instead of sights. 

MEASUREMENT OF DISTAUCES. 

The chain is one of the most obvious devices for this 
purpose. It is found of various lengths, but, for pur- 
poses of topography, fifty feet is as convenient as any 
Ten pins usually are used in connection with it, and 
are taken by the chain-man in advance, who marks 
the extremity of the chain by fixing one in the ground. 
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iiiah IB picked up by the rear man. The rear man 
i keep hia partner in the alignmeot of the two 
tations. The forward chaia-nian may also fix the posi- 
a of the rear man on the line with the back station. 

The chain ehould be well atretohed upon the ground, 
and when the latter ia not level, it is necessary either 
to keep the chain horizontal, or to take the inclination 
of the chain when stretched on the ground, in order to 
reduce the meaeured distance to the horizon. The 
latter is the more exact metliod, if carefully carried 
out, as in the former case the chain will always be 
more or less curved, thus giving too great a distance. 
The chain ia nsed for the measurement of bases in 
topography. 

It may be necessary to stake out the line to be 
meaaured, when the extreme stations are not visible 
irom all points of the line. 

The chain-men may establish themselves on the line 
connecting two visible stations, as follows: Having 
placed themselves facing each other, approximatively 
on the line, one causes the other to move till he covers 
one station ; the second, in turn, fixes the other so as 
to cover the other station ; and the process is repeated 
till each covers the station in front of the other. 

The manner of using the chain is too obvious to need 
description. 

Odometer. — ^This consists of a small brass circular 
box, containing a series of cogwheels, which regulate 
the motion of an index on a dial-plate upon its exte- 
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rior, ■which recorda the number of revolationa of a 
wheel to which tlie box is attached by straps. Tlie 
length of the perimeter of the wheel, multiphed by 
the nnmber of revolutions, will give the distance 
passed over. This distance is generally too great, 
eince roads are rarely straight and level, and should 
be reduced by from one-fifth to one-tenth, depending 
upon the character of the conntry. It is obviously a 
comparatively rude approximation, but is oJ^n of 
considerable value. 

When the rate or pace of a man or horse has been 
determined, it may be used for measnrements of dis- 
tance, which should also be reduced from one-tenth 
to one-fifth, depending upon the undulations and tor- 
tuousness of the route pursued. 

The velocity of sound in a ealm, clear atraoaphere, 
at 32" Fahrenheit, is 1,090 feet per second ; for a 
higher temperature add one foot for each degree above 
32". A gentle breeze will increase or decrease the 
velocity about 10 feet, according as it blows in the 
direction in which the sound comes to the ear, or the 
opposite. A gale will make a difference of 30 or 30 
feet, and a very high wind of TO or 80. When the 
wind blows perpendicularly to the sonnd route, the 
velocity is supposed to be unaffected; when obliquely, 
the change of velocity will be sensibly equal to the 
estimated velocity of the air multiplied by the cosine 
' of the inclination of its path to the sound route. 

The time in seconds between the flash of a gun and 
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H^ hearing of the explosion, multiplied by tho ve- 
iHocitj as above determined, will give the distance 
■between the gun and ear. 

The distance of an object whose height ib known, 
may be determined in the following manner: Take a 
narrow, smooth strip of wood, several inches in 
length, and graduate it by divisions, 16 to 20 to the 
_ inch. It ia to be held vertically between the thumb 
Bid forefinger, the arm extended. Its distance from 
e eye when thus held must be known, and may be 
[ constant. It is detenniued in this manner, 
e off' on a level plane a distance of, say 
fifty yards, and at its extremity set up a staff in a ver- 
' tioal position; hold the strip of wood as above de- 
scribed, so as to cover the whole or portion of the 
staff', the foot just visible over the thumb nail, and mark 
the point covered by the top of the strip ; measure its 
heig;ht above the ground, and represent it by a/ call 
the measured distance (tifty yards) h, and the portion of 
the graduated strip above the thumb nail c, then the 
distance of the latter from the eye is — , and is known ; 
1 this distaoce i^. 
To determine the dis- 
Kiance of a body whose 
ybeight, H, is known, ^ 

r it as above, and Fig- 31- 

[Call A the length cut oftj on the graduated slip ; then 
Wp = H ^ to within perhaps jV of its true value. 
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When n is not known, measure off in a direction op- 
posite to the object a distance, B^ eqaal to the esti- 
mated value of D. From both positions apply the 
strip of wood, as above described, and call h' the last 

space cut off; the D=B T-pto within ^^or jV if B 

is nearly equal to D, and h is not less than one inch. 
This may be applied in finding the width of a river. 
The degree of approximation is given on the author- 
ity of French officers. It should be determined by 
each one for himself. 

A stadia is used for the same purpose in connection 
with a graduated staff. It consists of a telescope with 
two horizontal hairs in or near the principal focus of 
the eye-glass. It is important that the image of the 
staff should fall upon them and be contained in the 
same plane, and, of course, at the same distance from 
the eye. These hairs are fixed in a diaphragm, and 
together they constitute a reticle. As difterent eyes 
require waves of different curvature, or, in other words, 
as some see best when the waves entering the eye are 
divergent, others when plane, and others when they 
are converging, it follows that the image and reticle 
must, for these different persons, be at different dis- 
tances from the eye, and hence the angles at the eye, 
subtended by the distance between the haire, are dif- 
ferent. This requires each observer to graduate his 
own staff. The rod is graduated by trial. Let us sup- 
pose the first distance to be 300 yards ; the staff is held 
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vertically, tike teleBcope dii-ected bo that the lower 
wire covers a traneverae black mark on the staff; the 
point covered hy the tipper hair is marked by another 
tranfiveraal, and is numbered 300 yards. Other points 
of the scale are determined in the same way. The 
distance of a point is determined by sending a man 
with the staff to the place ; h e holds it vertically ; the 
number corresponding to the point covered by the 
upper hair is the distance in yards, the telescope be- 
ing directed as before. It is obvious that, if the point 
be occupied by any object whoso height we know, its 
distance becomes known without the use of the staff. 

There are other forms of these instruments, as a 
holiow tube, with a small aperture for the eye, and in 
the interior two parallel hairs, which are movable by 
means of a micrometer screw. This probably affords 
as good resuits as the telescopic arrangement, and 
better than the graduated strip just described. In the 
telescope, too, a movable reticle is sometimes applied. 
All these methods should be verified by actual meas- 
urement of different distances. Some persons estimate 
distances with an accuracy that seems wonderfiih It 
is a natural giit, but may be greatly cultivated by 
practice. It is a valuable acquirement, and finds im- 
portant application in making a sketch of a position 
iu presence of the enemy, where one is not able to use, 
any of the ordinary methods. ' 
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CHAPTER V. 

LEVBLLINa INSTRUMENTS AND LEVELLING. 

Levelling instruments may be divided into two 
classes, the uses of which are generally quite dis- 
tinct. The first gives the direction of the line of appa- 
rent level ; while the second is used to measure tlie 
inclination of the visual ray to the apparent level, 
and both are founded upon one of the following prin- 
ciples : 

1. Any confined fluid or fluids acted upon only by 
their weight, as modified by the centrifugal force due 
to the rotation of the earth about its axis, will arrange 
itself so as to make the free surface, or the surface 
common to the two fiuids, everywhere perpendicular 
to the direction of the weight. This surface may be 
regarded as coinciding with the tangent plane of the 
horizon. 

2. That a plumb-line assumes a vertical position. 
The most accurate instruments involve the first 

principle, and depend upon a spirit-levd^ which con- 
sists of a tube of the form of an arc of a circle, par- 
tially filled with alcohol or ether ; the remaining space, 
being filled with air, takes the appearance of a bub'ble, 
which airways occupies the highest portion of the tube. 
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"WATER-LEVEL. 
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fig. 32. 

This instriiment consists of a cylindrical brass tube, 
bent at its extremitiea bo as to present two arms at 
its riglit angles to its lengtli. In these are set two 
glass viala. The tube is mounted on a tripod, and ad- 
mits of a motion around tho vertical axis, so as to 
makti the circuit of the horizon. The tube is filled 
with water from one of its extremities, till its upper 
level is halfway or more up tlie glass vials. The water 
may be colored to make it more distinct. When it 
comes to rest, tlie upper surfaces in the two tnbes 
have tlie same level, and, if we look tangent to these 
surfaces, the visual ray is horizontal. The viala being 
small, however, the upper surfaces will he curved, 
and hence there is some chance of committing error. 
However, a tangent to thesa curved surfaces at the 
highest points is horizontal, or a line connecting the 
points where the upper surface touches the glass in 
each tnbe is horizontal. It is usual to stand off some 
distance, so aa to lessen the error of observation. 

The vials should be of the same size ; if not, tho lino 
f level will be different for different positions of the 
I, unleaa the axis of rotation is vertical and the 
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tube perpendicular to it, which generally is not the 
case. If we suppose the line of sight to be not hori- 
zontal, the error of level will be greater as the distance 
is greater. Hence it is usual to limit the use of this 
instrument to distances not exceeding fifty times its 
length. For this limit the error is about four inches, 
supposing the eye to err ^ of an inch on each vial. In 
the hands of an unskilful observer there is not nearly 
so much liability to error as would arise from an im- 
perfect-adjustment of the spirit-level. This instru- 
ment is of so obvious and simple construction, that 
almost any one is able to make one. This, and the 
fact that it adjusts itself, that the surface of the water 
in the vials is always level, constitute many evident 
advantages. 

The Y spirit-level is represented in Fig. 33 ; it con- 
sists of an achromatic telescope mounted in Y's, and 
has a reticle in the principal focus of the eye-glass. 
The reticle consists of two spiders' lines, at right an- 
gles to each other, fastened at their extremities in 
separate slides. The object-glass is mounted in a sep- 
arate tube a, which is made to move in and out of the 
main tube, by turning the milled-headed screw A. The 
tube c, supporting the spirit bubble, is fixed to the 
underside of the telescope by a joint at one end ; at 
the other is a capstan-headed screw, which enables one 
to set the axis of the tube parallel to the line of coUi- 
mation. This line is determined by joining the inter- 
section of the cross hairs and the optical centre of the 
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object lena. One of the Y'b is Busceptible of a vertical 
motion by taming the screw B, in order to make the 
line of collimatiuii perpendicular to the vertical axis, 
or axia of rotation. 

Between the two supports ia a compasB box C, which 
enables ua to take bearings at the eame time. This 
18 not an eaeetitial part of the level, and manj' instra- 
menta are without it. 

O ia a brass plate through which four levelling 
screws (two of which are seen in the figure) turn 
in sockets in the lower plate, while their heads presa 




against the upper plate, P. D is a clamp-screW 
" which closcB upon the axis a collar, preventing 
all motion when the level ia pointed for observation. 
A slight motion may, however, be impressed by the 
tangent screw T. 
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The object of the motion of tlie object lens is to 
throw the image on the cross hairs of the reticle. The 
ejepiccQ also adtiiita of motion to and fro in the 

tube, and should be adjusted to bring the cross hairs 
out distinctly. Then the telescope being directed, tlie 
screw A is turned till the image is seen distinctly. 

It should have been observed that the cross hairs 
may be slightly moved by small screws near the eye 
end, one of which should be loosened before the other 
is tightened. Each admits of motion separately, two 
of the screws moving the slide which contains the 
vertical hair, and the other two the horizontal. 

There are three adjustments. 1. To place the in- 
tersection of the spider lines on the axis of the tube. 
2. To make the axis of the level parallel to the line 
of collimation, 3, To make the axis of the level and 
the line of collimation perpendicular to the axis of 
rotation. 

I^irst adjustment. Direct the telescope to a small 
well-defined object, causing it to appear on the in- 
teraection of the cross hairs; then, turning the tele- 
scope half over as it lies in the Y'a, observe whether 
this coincidence continues ; if so the adjustment is per- 
fect. If, however, the honzontal hair appears above 
or below the point, loosen one of the screws which 
move its slide and tighten the other, so as to carry 
the hair over half the estimated interval. Kedirect 
the intersection on the object, and if the distance has 
been correctly estimated, the object will be seen on 
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the horizontal hair as the telescope is turned iu its 
bed. If not, another, and perhaps a third, trial 
will be necessary to complete the adjustment. Ai^ 
similar process will correct the adjnstiuent of tbd| 
other hair, and the intersectipn will remain on thi 
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Second adjustment. Open the T's, and turn the 
telescope till it is over two of the levelling screws, 
and by means of the latter bring the bubble to the 
middle of the tube. Take the telescope up and turn 
it end fur end, and if the bubble returns to the mid- 
dle of the tube the axis of the level is horizontal. If 
not, the bubble is brought to the middle, half by the 
levelling screws and half by the capstan -headed screw. 
A new trial is made, and, if necessary, repeated ap- 
proximations till the bubble remains in the middle; the 
asia of the level is then horizontal. Revolve the tele- 
scope in the Y's slightly, and if the bubble remains in 
the middle, the axis is parallel to the line of colli mation ; 
if not, the axis is moved by the screws e, loosing one 
and tightening the other, and by successive approxi- 
mations the axis is brought into the same plane with 
the line of collimation. Re-examine the first part of 
this adjustment, to see whether it has been disturbed. 

Third adjustment. Place the telescope over two 
the levelling screws, and bring the bubble to the 
itddle, by screwing one and unscrewing the other. 
Turn the telescope about tlie vertical axis 180 degrees, 
bringing it over the same screws ; and if the bubble 
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does not remain in the middle, bring it back half tj" 
the Bcrew B aud half by the two levelling Bcrewa, 
Then turn the telescope over the other two ecrewe and 
repeat the process, and wlien the bubble reuiaioe ia 
tlie middle for every position of the telescope, the ad- 
jastinent is complete. 
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The mason's level is represented in Fig. 34, and 
belong to the second general class of levelling instru- 
ments. 

D C E is an isosceles right-angled triangle of wood 
or brass, the altitude, of coarse, being equal to one- 
half of the base C E. When accurately constructed, 
a plumb-line, suspended from D, bisects the base 
when the latter is horizontal. To determine this 
point, place the base on a slightly inclined sm^ace, 
A B, and note the point m, where the plurab-lino 
crosses ; then tnrn the t 
the corresponding point j 
midway between »i and W. 
linear graduation on E, extending each way, and 
dividing each half of the base into equal nnmbers of 



i end for end, and mark 

: the point o, required, is 

Tliis is the origin of a 
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equal parta. For illustration, enjipose the number to 
be one hundred, A graduated circulav arc, having ita 
ceiitre at D, tangent to the base and terminating in the 
sides abuiit the riglit angle, is Bonietimes added, hav- 
ing ita zero at the point of crossing of the (tlumb-line 
when tlie base is liorizontal, the graduations increas- 
ing in each direction. To apply it to meaanring the 
elope of A B, place it in the position in the figure, 
and note on the arc or base, the number where tlje 
plumb-line crosses. The number of degrees on the 
arc 18 the inclination of A B to the horizon, and the 
number on the base divided by one hundred is the 
tangent of the inclination. To find the slope, refer to 
the table of natural tangents. For instance, suppoae 
the number on the base to be twenty ; then twenty 
divided by one hundred is 0.2, and by reference to the 
table we find the inciination to be 11° nearly. 

All this is evident, since o D m and A B K are 
.similar triangles, and the angle o D m is equal to 
A K. B K is equal to A K x tangent B A K, 
hence we obtain the difference of level between A 
It is also apparent that any error in reading 
the angle o D tti, or ita tangent, produces a corre- 
sponding error in the value of B K, which increases 
as A K becomes greater, and hence it ia well to limit 
the nse of this instrument to short distances. If the 
error of estimation on the base is l-35th of an inch, 
in B K is four inclies, provided A K is one^ 
[red times o T>. 
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A slope level consists of a spirit bubble, attached to 
a flat brass plate by a hinge, and of a circular gradu- 
ated arc, having its centre at the hinge. When the 
plate is horizontal, and the spirit-level resting on it, 
the bubble stands at the middle ; but when the plate is 
inclined, it is necessary to raise one end of the spirit- 
level to bring the bubble to the middle. The angle 
through which it is revolved is equal to the inclina- 
tion of the slope. 

Burel't ReflecilBff LeTel. 

This instrument, represented in Fig. 35, consists of 
a cube of copper, of which the edges are about one inch 
in length. To one of the faces is attached a ring, A, 
by means of which it is held in the hand. There is a 
screw and nut, B, which sei've to move the point of 
suspension. The face, E F G H, is a mirror, in 
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Fig. 85. 



front of which is stretched a fine thread, parallel to 
the base, and fastened at the points L and M, which 
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project beyond the face of the cube. The plane of 
the mirror should be vertical, and the line L M hori- 
zontal. Then, to use it, hold it eo that the line L M 
bisects the pupil of the eye, when the thread and its 
image appear as one, and the plane passing through 
the eye and the thread is horizontal. By means of 
the points L and M, indicate to the rodmtfti in -whieh 
direction to move the vane so as to bring its middle 
line into the horizontal plane, through the eye. The 
difference between the height of the eye and the 
reading of the level-staff is the difference of level. 
We may eliminate the height of the eye, by usin^ an- 
other station and noting the reading of the level-staff 
again ; the difference between the two readings is the 
difference of level between the points occupied by the 
level-staff. Keeping the vane at the same height, let 
the rodman occupy different positions, such that the 
vane is always in the horizontal plane through the 
eye. These points are on the same level, and are 
points of a horizontal curve. This indicates an appli- 
cation in laying out the principal horizontal curves. 

To ascertain whether the mirror is vertical, take a 
position in front of a vertical wall S T ; let F H be the 
mirror; mark the intereectioB p of the wall with the 
plane through the eye and the points L and M ; then 
turn the back to the wall, and again place the level 
at the height of the eye, F' H' being the new position 
of the mirror. The intersection of the wall with the 
plane of the eye and L M, which must always be nor- 
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mal to the reflector,* now paesoB through jpV and may 
be seen by looking obliquely in the reflector. Kjp and 
p' do not coincide, the reflector is not yertical, and 
muBt be moved through an angle equal, to F' L K. 
To do this, mark P halfway between p and p^ and 
turn the screw D, till this point is seen in the nor- 
mal plane through the eye. Reversing the direction 
of the eye, it should still appear in this plane. 
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Fig.8e. 

This instrument may be held in the hand, or sus- 
pended from a stake planted in the ground. It is very 
portable and useful. It is the invention of a French 
oflScer. 

A rule, a few inches long, suspended from its cen- 
tre of gravity, furnishes a horizontal line. 

Captain I^lTet's lievel. 

It consists of a rule, ten inches long, provided at 
each extremity with a bubble and a sight of copper, 
one of the latter pierced in two points v v* ; the 
other, D, has a rectangalar aperture, in the largest 
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)a of which is stretched a thread, which, 

lilh V or v', determines the plane of siglit. D ia 

fadiiated into parts, each one of whicli is equal 

part of the length of the rule D. TJie 

l^hole m&y be mounted on the plane taLle, and thus 
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fcith the same instrument fix the horizontal projec- 
pons of points, and determine their difference of 
fevel. To use it, if the object to be observed is above, 
Bpply the eye to the lower apertnre v, and slide a strip 
f paper along D till the object is seen, the visual ray 
■ the edge of the paper ; the number of divi- 
sions read from the ascending scale, divided by one 
hundred, ia the tangent of the angle at the eye, and 
this ratio, multiplied by the horizontal distance of the 
object, gives the altitude of the object above tlie eye, and 
this, increaficd by the height of the eye, is the altitude 
above the ground, at the position of the instrument. 
"When the object lies below the horizon of the observer, 
the npper aperture ia used for the eye, and the pniper 
, number of divisions is taken fmm the descending 
(Bale, the zero of which is on the level with the upper 
lye apertorc. 
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distance of B. To facilitate the obfiervation, place 
ODe hand nnder the limb, so as to hold the plnmb-Iine 
in position while you note the reading. 

It is sometimes convenient to nse, in connection 
with the protractor, a scale of the following descrip- 
tion, Fig. 41. Assmne a line M, N, as a horizontal, 




Fig. 41. 



and lay on either side, lines making angles with it of 
5^, 10^, etc. ; their zenith distances then are 85°, 80®, 
etc.; andthoseforbelowMN,95°, 100°, etc. Through 
M, erect a perpendicular, and draw a number of lines 
parallel to it. Take from the plan the horizontal dis- 
tance in feet from A to B, and lay it off on the scale, 
and let N K represent it. Draw through K a perpen- 
dicular line to M N, and terminate it at H, on the in- 
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^hlined line which correspoDds to the observed zesith 
Kflietance. Then K H represeTitB tho difference of level 
between A and B, according to the scale of the plan. 
Applying it to the scale, we ascertain the number of 
feet required. If the zenith distance falls between 
two inclined lines on the scale, we easily approximate. 

Take a ruler of wood A B, 
attach a thread to its extremi- 
3B, and determine the point 
rf Buspension C, which makes ^^ 
L B horizontal. Holding it ''"«■ *''■ 

t the height of the eye, and looking along it, the line 
F sight is horizontal, Tliis is referred to in a Bubse- 
foent part of the snbject. 

LeTelliug, I 

"We have regarded the earth as a spliere in deter- 
mining the horizontal projections of points, and, as our 
levelling operations do not require its ellipticity to be 

ito account, we still consider it Bpherical. 
I. A line ia said to be level when it is parallel to the 
surface of the ocean at rest ; every point of the line is 
then at the same distance from the centre of the earth, 
and the line is an arc of a circle. If two points are 
at unequal distances from the centre of the earth, 
there exists a difference of level, which it is the object 
of certain instruments to determine. 

These instrumenta determine the tangent A B" to 

the first element of the curve, and give a difference of 

5* 
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level B B", instead of B B'. The line A B" is called 
the apparent level, and the arc A B' the true level. 
The apparent diflference of level between A and B is 
B B'', the true is B B'=A A'; hence, the instrumen- 
tal result must be corrected by adding a quantity 
equal to B' B''. This is the correction for curvature 
of the earth's surface. For a few hundred yards this 

difference is small, and 
may usually be neglect- 
ed ; while beyond this 
distance, whether it 
should be taken into ac- 
count or not depends up- 
on the accuracy of the 
instrument used, and the 
object of the survey. 

To find B' B^', we re- 
call that the tangent is 
a mean proportional be- 

0, Centre of the earth; A B', a great fTxrppn tliP RfiPaUt ttrtA 
clrcleoftheeaith; A'B,anaropaSiUel j-Ween tue BCCanL anU 

*®^®' its external part; hence, 

denoting the radius of the earth, A C, by E, the 
horizontal distance between the points by K, and 
B' B'' by A, we have 

K-A(2K-fA) orA=:^^^; 
and, neglecting h in the denominator, as being insig- 
nificant compared with 2 K, A=5-^- 




c 

Fig. 48. 
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Por another distance, K', we have A'=nR; 
hence, h:h' : : K' : K"; or, the differences between 
the true and apparent level are proportional to the 
Bquarea of the horizontal distances between the sta- 
.tions. 

Bj assigning different values to K, and substituting 
fox 2 R the mean diameter of the earth, a table of 

■alues for A may readily be constructed. If K is one 
mile, h is very nearly eight inches ; for two miles, four 
times eight inches; for three miles, nine times eight 
inches ; for half a mile, a quarter of eight inchra. Or 
we may adopt this formula : k in feet — — — - , K be- 
ing expressed in Tniles. 

It is possible, however, to eliminate this correction 
for curvature. Let A, Fig. 44, be the position of the 

^lirit-ievel, equidistant 
'Mntally fro in the 

tointsB' andD". Then 
B" D" is the apparent 

svel, and B' D' the true. 
D" is on the apparent 
level of A, and B' is 
below it, by a distance 
equal to B' B" equal to 
D' D", but the latter is 
the true difference of lev- 
el, and is equal to the apparent difference. Hence, if 
the instrument be placed so as to be equidistant from 
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the two points, there is no correction for cnrratnre 
and this is a general rule to be observed in all lev- 
elling operationa. 

To explain the actnal Eteps to be fol- 
lowed iu using the Y level, let Fig. 45 
repr^ent a section of ground to be lev- 
elled. A, B, C, and D are the positioLB 
of the levelling staff, and a, h, c, the dif- 
ferent positions of the level. 

First Bet tlie instrument, supposed ad- 
justed, at aj place the telescope in sueoes- 
sion over each pair of the levelling screws, 
bringing the bubble to the middle of the 
tube. The rod-man is sent to A, holding 
the staff vertically ; the telescope being 
turned upon him, and the glasses ad- 
justed to distinct vision. The observer 
finds that the vane is either too high or too 
low, and, by language or gestures, causes 



the rod-man to move it down 



or up, 



till 



I 



its middle line is seen on the intersection 

of the spider lines. The middle of the 

vane is then on the same horizontal as 

fik-*5. the line of colUmation, and tlie reading 

of the rod gives the difference of level between tlie foot 

of the rod and the line of eollimation. 

The rod-man reads the staff, or, if the graduation 
and figures can be distinguished by the observer, tlie 
latter reads and records it. The rod is now sent to B, 
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^■^0 telescope turned to it, and the vane adjusted, as 
^nn the previous oase, and the level Btaff read. The 
difference of the readings, ia the difference of appa- 
rent level of A and B. B ia higher than A, since the 
foresight, that is, the reading of the level staff at B, is 
leBs than the backsight to A. It is to be observed 
that the height of the instrument ia eliminated. 

The level is now taken ,up and moved to i, where 
it is set up again, with the precautions observed at a. 
The hacksiyJit to E is taken, and then t'hs foresight to 
I )C. A similar proems is repeated at c, d, e,f g. 



,....> 


B^kiighi^ 


POTMlgllU. 


Kidnced Leveli. 




Ac. 


1.45 
7.7fi 


ik 


A nnd B + 1.85 
B and C + 4.40 
C and D - 1.90 

A and D + 4.35 




20.30 


1S.95 





I The results of observation are usually recorded 
lay the observer in tabulated form, the backsights in 
^ne column regarded as positive, the foresights, ae 
legative. The final difference of level between the 
rtreme positions of the rod-man, is obtained by add- 
ing the backsights and foresights separately, and 
taking the difference of their sums, as ia evident from 
the figure. Bince A A'-|- B B" -t-CC" diminished by 
B B' -h C C -t- D D' is equal to D o, which ia the dif- 
^u^ence of level of D and A. 
^^' The figure is a profile of the ground, and the man- 
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1 the ob- 1 



ner of constructing points of the curve from t 
servations, ia too obvious for explanation. 

The proeesa of levelling ia the same with the water- 
level, and, indeed, the figure represents a level of this 
kind. 

If the stations a, h, and c are equally distant from 
the points A, B, C, etc, there is no correction for 
cnrvature ; but when these diBtances are very unequal, 
and it is decided to correct for curvature, they miiBt 
be measured, to give K ia the formula. 

The example we have taken iJnght to be sufficient 
to make evident all other applications, as there is no 
difference in principle. It ia not necessary to place 
the level on the line between two stations; indeed, 
both stations may be on the same side of it. In this, 
as in all other cases, the difference of level is the dif- 
ference of the readings of the staff in its two positions ; - 
and where there are a number of stations, the final dif- 
ference of level is the sum of the partial differences, 
regard being paid to their signs whether positive or 
negative. 

The example we have given shows how profiles of 
ground may be constructed. When the differences 
of level are inconsiderable, in comparison with the 
horizontal distances, it is usual to use a larger scale 
for the fonner than for the latter. 

To find points of the ground on the level of the 
line of collimatiou of the Y spirit-level, set the vane 
of the rod at the altitude of the latter, and find, by 
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trial, points where the middle line of the vane is seen 
on the intersection of the cross hairs of the telescope. 
By this means we may find different points beloug- 
ing to any horizontal section. 
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CHAPTER VL 

DETAILED ACOOUNT OF THE PROJECTION OF A BUBYET. 

The opcratioDB necessaiy for making an ontline 
map, containing the projections only of the principal 
points, are as follows : 

1. The selection of the principal points. 

2. The selection and measurement of a base. 

3. The determination of the azimuth of one side of 
a triangle. 

4. Measurement of the angles and the solution of 
the triangles by trigonometrical rules. 

5. The plotting of the points on the map. 

The principal points should be selected, so as most 
nearly to conform to the conditions referred to in 
Chapter I. They should be well distributed over the 
area to be surveyed, and so situated as to insure tri- 
angles of favorable form. They may be either isolated 
trees, peaks, spires, chimneys; and, if no distinguish- 
ing feature characterizes a point which it is desirable 
to adopt, it may be marked by a signaL This may 
consist of a staff and flag. The distances between 
these points may be several miles in a survey of eight 
or ten miles in extent, but, as before stated, reference 
should be had to the instrument which is to be used 



MILITARY SDRVEYINO. H@r^ 

e the angles. These pointa ehonld also be 
chosen in reference to the facility of determining the po- 
sitions of as many secondary points as possible; hence, 
they should be visible from the surrouiiding parts. 
Comraandiug points tlien wonld be advantageous. 

The base is chosen to fulfil the conditions enumer^ 
ateii in Chapter I. Its extremities are marked by sig- 
nals, unless there are natural points to mark them. 
"When it is quite undulating, it should be staked out 
by the theodolite, to enable the chain-man to keep the 
alignment, and stakes also driven at every change of 
inclination. The measurement is usually made with 
the cliain, although rods of wood or metal give better 
results. The chain should be compared with a stan- 
dard, to ascertain its exact langth, and great care 
should be exercised in keeping the alignment and in 
stretching the chain. Any error in the base runs 
through all the triangles, since from it all the primary 
sides are determined. It is well to remeasure it, if 
possible. Tiie length of each subdivision of the base 
is noted separately, and its inclination also. The lat- 
ter is given immediately by the slope or mason's level. 
The Y spirit-level or water-level gives the difference 
of level in feet ; and if we conceive a right-angled tri- 
angle, of which the hypothenuse is the inclined, and 
the base the horizontal distance between the cxtremi-J 
ties of the subdivision, and the altitude their differ-' 
ence of level, it Is evident that the natural sine of the 
inclination is equal to the difference of level divided 
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by the hypothennse, both expressed in feet. The in- 
clination, then, may be taken from a table of natural 
sines. Tlie horizontal projection of the inclined meas- 
ured distance is then obtained by the method of Chap- 
ter I. Tlie same process is pnrsaed in reference to 
each subdivision, and the sum of the reduced distances 
is the base which is used. 

The methods of determining the meridian or of ob- 
taining the azimuth of a station are given in the latter 
part of this chapter. 

Each station is visited in succession with the theodo- 
lite, and where it is possible to place the instrument 
in the same vertical line as the centre of the station 
or signal, it is done ; otherwise, each angle must be 
reduced to the centre of the station. For instance, if 
a house chimney be selected as one of the stations, it 
is impossible to establish the theodolite on it, hence 
it is set up in some suitable adjacent positioD. The 
angle measured from this position is erroneous, and 
must be corrected as follows : 

Reduction to tlie centre of station, — Let C represent 
the projection of the centre of the station ; O, the cen- 
tre of the instrument ; and D and G, points to be ob- 
served. The angle measured is D O G, the angle 
required is D G ; hence, it is necessary to calculate 
their difference. Measure the distance O C and the 
angle C O G = y. The angle M, being exterior, is 
equal toDOG-f.ODM=DCG-t-CGO; 
whence DCG-DOG = ODM--CGO. 
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The sines being proportional to tlie opposite sides, 
sin. G r 

sin. y (i 

-d ' 

sin, y 



=-j ; wha 




Biu.COD 

6in, G = - 

. ^ rsin-COD 
Bin. U = ■ — ^ — — 

D and G being very small, we naay negleet the ditfur- 

enea between tbem and their sines. 

^ T ein. COD T sin, y 

DOG— DOG = ^—-^ — 7-^. and 

in order to express the second member m miniitea of 

are, instead of units of length, we multiply it by 7:^j~j' 



hence, DCG— DOG== 



T sin. COD 



r sm. g 

^sin. 1" 
or leas ac- 



d sin. 1' 
r and y are measured ; d and g known, 1 
curately, from calculation. For further information 
on this point, reference may be made to tlie example 
given subsequently. 

Oaleulation of trimtgJes. — These are resolved ac- 
cording to the ordinary trigonometrical rules. In each 
triangle, beginning with one in which the measured 
base is a side, we Ifnow one side and all the angles, 
and we readily obtain the remaining sides. If tlie 
Bum of the three measured angles should differ from 
180°, one-third of the difference is to be applied to 
each angle, unless there is reason to suppose that an 
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.error has been committed in any particular angle, in 

which case the difference should be applied to it 
alone. This difference, however, should be very sm 
if ve use a theodolite. 



To I.ocate or Plot the Points on the 



;]e, in 
to it 

1 



1, For tlie resttltB of a reconnoissance, it is t 
snfficient to assume a line for the meridian, and to lay 
down the base by its azimuth, and proceed to deter- 
mine the vertices of the different triangles in siicces- 
eion by intersections. In this method, each point 
depending upon the position of a previous one not 
accurately determined, errors are apt to increase, as 
■we go further from the base. 

2. The second method consists in using a system 
of co-ordinate axes, the origin of which is at one ex- 
tremity of the projection of the base. The axes con- 
:Bist of the projections of the meridian and a line per- 
•pendicular to it. 

, In Fig. 4T, let A B represent the base ; T Y', the 
projection of the meridian and one of the co-ordi- 
nate axes; and X S' the other. The length of the 
'base and the azimuth of A, which is the angle of 
F A E Y, being known, we have for the co-ordinates 
I' of A, which are respectively a; = B P, and y — A P, 
i B P = cosine of A B P x length of base, or, what is 
I the same thing, B P = sin. A B Y x length of base, 
I Similarly, A P = cosine A B Y x length of base. 

La . 
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To oonBtrnct the projection of A, lay off from B, the 
co-ordinate (v = B P on the axis of X, and on the 
axis of Y a distance, B H, equal to A P, and com- 
plete the rectangle, as represented by the dotted lines. 
Their intersection determines the desired point. A 
similar process determines the other points. 




It is important to pay attention to the signs of the 
co-ordinates. If x be assnmed as positive for points 
to the east of the origin, it must be n^ative for all 
points to the west; and if y be positive for points 
north of the origin, it must be regarded as negative 
for points south of the origin. For instance, for the 
points A and J), the signs of x are different, while 
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those of y are tiie Bame. Fur A and L, the eig^ t& 

X are the same, while those of y arc different. 

The remaining part of this portion of the anrrey 
consists in determining the projeelions of the second- 
arj points, which, as has been already stated, is done 
mainly by intersections, and in filling in the details. 
To determine one point it is necessary to have two 
bearings taken from different stations. It is advan- 
tageous to take a third, as a teat of accuracy. Such 
points as the following should be plotted from inter- 
sections, if possible, viz. ; cross-roads, marked changes 
in direction of the roads, where they enter villages, 
woods, or marshes, where they cross rivers, bends in 
the rivers, crests of small hills, some principal build- 
ings in the villages, farm-houses, ferry-houses, bridges, 
and generally any conspicuous point that is recogni- 
zable from different stations. When a sufficient num- 
ber of tlieae have been fixed, so aa to cover the ground 
well in every part of the survey, all is ready for 
sketching the details. The manner of accomplishing 
this is given in this chapter. In order to obtain the 
bearings to give the intersections above alluded to, 
the primary points may be occupied with a theodolite 
or compass ; and if any important position has been 
overlooked, it may be assumed as a station, and bo pro- 
jected from the bearingsof two or three visible primary 
points. If but one primary point Js visible, its bear- 
ing and distance are sufficient to project the point 

Supplying details hy a Plane Table. — The plane 
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table is pat in position, in reference to the principal 
points, by a compass. The sheet already contains the 
projections of the primary, and snch secondary points 
as have been determined. Details are obtained, either 
by intersections or by measurements of distances. 
For the yarions applications that may occur, reference 
may be made to the description of the plane tabic. 
It is sufficient to state, that, if two known points are 
visible, the position of the observer may be obtained ; 
if no primary points are visible, his place may be 
obtained by measuring the distances to two known 
points. The measurement of distances is done in dif- 
ferent manners, depending upon the degree of accu- 
racy which it is necessary to obtain. For military 
purposes, pacing is generally applied. 

The points which it is well to occupy, as stations, 
with the plane table, are those just enumerated under 
the head of secondary points. They are all deter- 
mined by the methods just referred to. 

The directions of the roads, as they leave any sta- 
tion, are noted and drawn in projection by the hand. 
They are represented by two parallel lines, nearer or 
farther apart, according to the character of the road. 
The width is exaggerated on the map, for eifect; but it 
should be noted and recorded, to be mentioned in the 
memoir, if necessary. 

From each station we pace off the distances to the 
surrounding details, take them off from the scale, and 
plot the points. 
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For distant or inaccessible points, we eiglit tham, 
and draw pencil-marks on that part of the sheet where 
tliey are likely to fall; and then we leave the station. 

We now proceed, eay along the road several Lnn- 
dred pttces, or to a point which it h desirable to occu- 
py ae a station, and fill in by the eye tlie intervening 
details. To this end, we pace the distances to the 
points, from which we are able to fix the corners of 
hedges, woods, bend in rivulets, etc.; or, if tlie adja- 
cent stations of the plane table are within one hun- 
dred and fifty or two hundred yards, we may rely 
upon the eye aloue and neglect tlie pacings. This, 
however, depends in some degree upon the skill of tlie 
sketcher. 

The same process is pursued at each atation, nntil 
the whole area has been included. No station ehonid 
be left until all surrounding features have been ob- 
tained, and intersections obtained on points sighted 
from previous stations. 

If, from any station, but a single point of the tri- 
angulation is visible, its direction should be drawn, 
for it serves to correct any error comrnitted by inac- 
curate pacing; and generally, it may be said, no meana 
of verification should be omitted. 

Villages. — Take station at one of the outlets; fix it 
as before ; then proceed towards a spire or chimney 
which enters in the primary tri angulation. Stop at 
each street corner; plot the streets, and fill in the de- 
tails of houses by the eye. Arrived at the primary 
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point, take a new direction and follow it till it leaves 
the village, and continue this process till the whole is 
completed. 

Water-Courses, — It may be impossible to take sta- 
tion on a rivulet When this is the case, follow a direc- 
tion near its course, and from each station sight the 
bends, if visible, or any distinguishing points, as bluffs, 
trees, etc., and fix them by intersections. Having de- 
termined a sufficient number, join them, and we have 
the rivulet. If the stream has breadth appreciable on 
the scale, it would be well to follow one of the banks, 
and intersect^ from different stations, any remarkable 
points on the other bank. If this is not practicable, 
pursue such a path as will enable you to intersect 
points on each bank. 

Forests. — Make a circuit of the forest, occupying, 
as stations, the salient and re-entering points, as well 
as those where roads, streams, or ravines emerge. Fix 
them, and fill in the intervening parts. Then follow 
one of the roads or ravines to a central known point, 
if there be any such, and from that take another 
direction. In general terms, conform to the mode of 
procedure laid down for villages. 

What has been said in reference to the surveys of 
villages, rivers, and forests, relates to the use of the 
plane table ; but the guiding principles are the same for 
the compass, and it will not be necessary to repeat it. 

The prismatic compass, although not so accurate as 

the plane table, is extremely serviceable, and permits 
6 
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rapid progreBB. The eketch which is made may eithei 
be connected or in parta, which are to be combined 
Bubsequcntly, Both are here described. 

A station is fixed by compass bearings to two or, 
better, tliree primary points, or by a bearing and s 
distance; thus, if but tew primary points are dete^ 
mined, we have the means of fixing ae many inter- 
vening puinta as may be desirable. 

In following ft 
tortuous stream or 
road, the work may 
be expedited by 
yig«- using the compass 

only at alternate stations. For instance, let A B rep- 
resent a road starting from A, which, as well as B, 
has been determined from intersections ; we take the 
bearing of 1, and plot the direction. Pace the dis- 
tance to 1, and note it ; then proceed immediately to 9, 
pacing the latter interval ; at 2 take the bearing of 1, 
and also of the next station in advance ; lay off the 
distance from A to 1, from the scale on the first direc- 
tion plotted : this fixes 1 ; then from 1, plot the 
bearing of 1, as taken from 2 ; prolong the direction 
and lay off on it the distance 1.2. This gives 2, with- 
out occupying 1 as a station. 

In Fig. 49 is given a representation of the ttsnal 
method of keeping the field-book. The naeasurod 
distances are recorded between the two parallel lines. 
The total distance between two stations .ig written 
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within a circmnference traced about the position of 

the second station. Thas, in the figure, 650 is the 

distance between A and B. The bearing of the next 

station is recorded outside of 

these lines, with a line under 

it ; thus, 280® is the bearing of 

C from B. In marching from 

A towards B, at the distance of 

200, we cross a rivulet which 

comes from the left, and on the 

right, at the distance of 40, is 

the comer of a wall. Farther on, 

400, the wall comes up to the 

line A B. In a similar way we 

may sketch the hedge, wood, 

etc. 

This gives a series of detach- 
ed sketches, which are to be 
transferred to a general map 
afterwards. For determining 
each station, as B,G,etc., there 
are given a bearing and a dis- 
tance. The details on either 
side are transferred according 
to the scale. The bearings of more distant points 
taken from ABC, etc., are plotted, and the inter- 
sections fix the positions. 

If a connected sketch is desired, it is necessary to 
transfer tQ a sheet the positions of the primary points 




Fig. 49. 
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in the vicinity of the gronnd to be sketched, and alsoB 
any "jtber points of importance whose positione havol 
been determined. It is better to have a& many points I 
as possible. Draw upon the map the magnetic me- I 
ridian and the scale, and provide a protractor and 
compass. Distances may be taken with a chain or by 
pacing. Proceed from one of tiie primary pointa to 
any other known point, measuring or estimating dis- 
tances and filling in the details on either side, a 
the last figure, and plotting all bearings taken, and so 
on, passing along such directions as enable one to 
work most rapidly. The method of interBections is 
used in connection Trith measurements. 

If the known points are quite distant, a oiile or two 
from each other, there is great room for the commiB- 
sion of error, particularly by an nuskilful person. It, 
on the contrary, the points are near, we should feel 
more confidence in the work. Hence, after the loca- 
tion of the primary points, aa many secondary points 
as possible should be plotted from intersections before 
the sketching of details, which we have just described, 
should be commenced. 



We have seen that it is necessary to lay down the 
meridian upon the map. The magnetic needle indi- 
cates the direction of the magnetic meridian, which 
makes, with the true meridian, an angle which variec 
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from hoar to hoar, and from year to year, at the same 
place, and which generally changes from place ta 
place. This angle is the variation of the compass. 



N 
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Fig. 60. 



The direction of the true meridian must be deter- 
mined from observation of some one of the heavenly 
bodies. Having laid down upon the map one of the 
lines of triangulation, we may draw the projection of 
the meridian, provided we know the angle between 
these two lines. For instance, Fig. 60, let A B rep- 
resent the projection of the base, and N S the pro- 
jection of the meridian. It is evident, if we know the 
angle NAB, that we may construct N S. The angle 
made by a vertical plane through A B, with the me- 
ridian through A, is called the azimuth of B. N S- 
may be constructed when either of the four angles 
marked in the figure is given. It then becomes ne- 
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ceBsaryto define the azimntliof a station, bo that thert 
ehall be no ambiguity as to whlcli of tlie four angles is 
referred to. It is usual to measure tlie azimnth from 
the south point of the meridian round by the west, 
so that the ai:imuth of B is equal to 180° + N AB. 
The azimuth of C is 180°— N AC; of C, 360°— S A C- 
When this system is not applied, the azimuth Bhoolil 
be designated, so as to avoid error. Thus we may see 
the azimutli of a station is north 50° east, or S. 20° west, 
■which avoids ambiguity. 

There are both approximative and rigorous methods 
of determining azimuths, of which we now proceed to 
enumerate several : 

1. TJie sun is on the meridian when it attains the 
maximum altitude. Bodies then cast shadows of min- 
imum length, and if at this time we note the direction 
of the shadow of a vertical staff, this ia the trace of 
the meridian on the ground. As the motion of the 
sun in altitude about this time is very slow, the 
changes in the length of the shadow will be found to 
he almost imperceptible fur a few minutes, and as the 
direction of the shadow is changing all the time, wb 
are left in doubt which to select. Hence this is a very 
rude method, and is only mentioned to introduce an- 
other. Three or four hours previous and subsequent 
to noon, the sun's motion in altitude is comparatively 
.rapid ; and if we mark the direction of the shadow 
when it has a given length in the morning, and again 
its direction when it has the same length in the afte^ 
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noon, and draw a line bisecting the angle between 
these two directions, it will represent the approximate 
projection of the meridian. 

Thns, O A being the shadow of a style in the 
morning, when it ter- 
minates on the circum- 
ference, and O D being 
its position when it has 
the same length in the 
afternoon, N S, bisect- 
ing the angle A O D, is 
the meridian trace. 

2. Another method is, 
to determine the trace of 
a vertical plane through 
the north star when it 
is on the meridian. It 
crosses the meridian at 
about the same time as 
a star, Alioth, easily re- 
cognizable, from Fig. 52, in the tail of the Great 
Bear. Then when this and the pole star are seen 
on the same vertical line, determined by a plumb- 
line, direct the telescope of a theodolite to the lat- 
ter star, making it appear on the intersection of the 
cross wires. It will be necessary to place a faint 
light near the field glass, in order to illuminate the 
hairs. Clamp the instrument and let it remain till 
daylight, when the line may be staked out, if desira- 
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ble, or tlie angle made with the other atation may be 
measured. Indeed, by using lanterns as signals, 
the line may he established iotha 
night. The augle just measured ia 
the azimuth measui'ed from tbfi 
H^ort/i. 

A better method is to nae t&e 
north star, Polaris, when it is far^ 
thegt from the meridian, whetliSf 
to the eaat or weat, when it ie said 
to be at its greatest elongation. 

The azimuth, A, of the star tt 
this time measured from the north 
pole, is given by the formula : Sin. 

A = ■ ' T . in which P is the polar distauce of the 
Bin. L' "^ 

star, and L the complement of the latitude of the place 
of observation. The azi- 
muth applied to the hori- 
zontal angle between the 
star and the station gives 
the azimuth of the latter. 
To find the time of elon- 
gation, apply this rule. Add 
together the logarithmic tan- 
gent of the polar distance of 
the star and tangent of the 
latitude, and from the tables 
find the angle whose 
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is equal to the sum. Divide this angle by fifkeen, and 
add the quotient to the star's right ascension, the ye- 
suit is the sidereal time of the greatest western elon- 
gation : subtract for the time of greatest eastern elon- 
gation. A few minutes before this time arrives, with 
a theodolite, take the bearing of Polaris. A number 
of observations may be made, since the azimuth of the 
star is sensibly the same for some minutes. The star's 
polar distance and right ascension are found in the 
Nautical Almanac. This requires a chronometer, and 
a knowledge of the means of ascertaining its error in 
time, which is a problem in practical astronomy. 

The following tables give nearly the times of elon- 
gation for diflferent months in the year. The times 
are reckoned from mean noon, and suppose the watch 
of the observer to be without error : 



EASTERN ELONGATIONS. 



Days. 


April 


May. 


June. 


July. 


August 


Sept 




H. nl. 


H. M. 


H. M. 


H. M. 


R M. 


R M. 


I 


18 18 


16 26 


14 24 


12 20 


10 16 


8 20 


7 


17 56 


16 03 


14 00 


11 55 


9 53 


7 58 


13 


17 34 


15 40 


13 35 


11 31 


9 30 


7 36 


19 


17 12 


15 17 


13 10 


11 07 


9 08 


7 15 


25 


16 49 


14 53 


12 45 


10 43 


8 45 


6 53 



WESTERN ELONGATIONS. 



Dttys. 


Oct 


Nov. 


Dec. 


Jan. 


Feb. 


March. 




H. M. 


R M. 


H. M. 


H. M. 


H. M. 


H. M. 


1 


18 18 


1^ 22 


14 19 


12 02 


9 50 


8 01 


7 


17 56 


15 59 


13 53 


11 36 


9 26 


7 38 


13 


17 34 


15 35 


13 27 


11 10 


9 02 


7 16 


19 


17 12 


15 10 


13 00 


10 44 


8 39 


6 54 


26 


l6 49 


14 46 


12 34 


10 18 


8 16 


6 33 



6^ 
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The elongations are not given when they occnr in 
daylight. Some of these tabulated times, however, 
occur before aansct or after ennnse, when the etar u 
invisible through ordiuary telescopes. By adding or 
enbtraeting five hours fifty-nine minutes to or from 
the tabulated times of elongatioo, we obtain the time 
that the etar is on the meridian in the nighttime, when 
it can be observed. To repeat : When the time of 
elongation is nearly at hand, the theodolite is set up 
and prepared for observation. When the time arrives 
the star is made to appear on the interaectioa of the 
cross liairs, and the horizontal limb clamped. The 
inBtrument stands undisturbed till daylight, when the 
bearing of the star is read. The telescope is then di- 
rected to the station and the horizontal limb read 
again. The difi'erence of the two readings applied to 
the azimuth of the star, calculated from the formula 

sin, A = . ' -, , gives the azimuth of the station. 

To find the variation of the compass, take the mag- 
netic bearing of the station : the difference between it 
and the true bearing, obtained as above, is the varia- 
tion, and is east when the north end of the needle is 
to the east of the true meridian. 

At sea or on extended prairies, at the time of rising 
or setting of the sun, with the compass take the bear- 
ings of the two horizontal limbs : the half sum is the 
magnetic bearing of the centre. To determine the true 
bearing of the same point, wo have the following rule : 
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Add to the sain of the complement of the latitude 
and the polar distance of the sun, its zenith distance, 
assumed to be 90*" 33' 37'': call the sum D, the polar 
distance P, and the co-latitude L, Then add together 
the logarithmic sine of D, the sine of (D — P) ; from 
the result subtract the sum of the sines of 90° 33' 37", 
and of L ; divide the remainder by two, and find from 
the tables the angle whose cosine is equal to the quo- 
tient ; multiply this angle by two^ for the true bearing 
of the sun reckoned from the north meridian, to the 
east at sunrise, to west at sunset. The difference be- 
tween this and the magnetic bearing of the centre, 
reckoned from the north magnetic meridian, is the 
variation of the compass. 




CHAPTER YIL 



ACOOUBT OF T 



It baa already been stated in cliapter I. tbat, in or- 
der to obtain Bofficient data for representing the relief 
of ground, it is usual first to determine, as aecnratelj 
as possible, tbe elevations above some asanmed plane 
of a number of points — as tlie crests and foot of the 
slope, the points where it changes inclination, etc., — 
and then to complete the details by determining the 
horizontal sections, by more or less precise methods, 
depending upon the degree of accuracy which it is 
desirable to attain. 

If we already know the altitudes of any prominent 
points above the level of the sea, starting from these 
we pass to elevations of otiier points above tbe same 
plane. If this is not the case, we may attribute to 
any point an arbitrary elevation, and deduce the alti- 
tudes of other points above the same plane. 

These points are used aa bases for levelling purposes, 
and hence should be determined with the greatest at- 
tainable accuracy, both in projection and elevation. 
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In order to show clearly how the difference of level 
may be obtained, let us refer to Fig. 54, where the 
altitude of A being 
known or assumed 
above the plane M 
N, it is required to 
find the altitude of B 
above the same plane. 

C H represents the 
horizon, and Z the ze 
nith. The angle A is Fig. 64. 

the zenith distance of the point B, as seen from 0, 
which is the position of the theodolite, or other instru- 
ment used for the purpose. Let the angle A be 
measured, or its complement, the angle B C H, then 
from the right angled triangle we have 

B H=C H tang. B C H=C H cotang. : A 

B Q=B H+P C. 

P C=P A+A C. 

Hence the height of B above the plane M N be- 
comes known. 

If B' had been the required point, then, measuring 
the angle B' C H, we have : 

B' H=C H tang. B' C H=C H cotang. C B' H, 
and B' Q=:C P— B' H. Hence it is necessary to know 
the horizontal distance between the stations and the 
vertical angle to determine the difference of level. 

There are two corrections to be applied, however, 
when the distance between the stations is considera- 
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Lie. The lirat results from tbe curvature of the earth, 
aud has already been alluded to in the remarks on 
levelling ; it is proportional to the square of the hori- 
zontal distance between the stations directly and in- 
versely to the diameter of the earth ; or denoting by 
L the difference of level, K tbe horizontal distance, 
and h' tbe height of the instrument above tbe station, 
then the difference of level corrected for the curvature 
of tbe earth is for A aud B. L=K cotang, A +A'-|- 

— J-, K representing the radius of tbe earth. 

The second is refraction, 

by virtue of which the 

sn above its 

This eorrec- 

en found to 

average value of 




and 



sabtrae- 



fis- »- In Fig. 55 tbe horizon 

of tbe observer at A is tbe tangent A D, and tlie ob- 
ject B is seen, on account of refraction, above its true 
place at some point, B'. Then the angle A is the ze- 
nith distance of B' and K cotang. Ais D B', where- 
as the difference of level of A and B is C D. To 
obtain it, then, we have C B=D B'+C D-B B'= 
observed difference of level + correction for curvature 
— correction for refraction, 
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L=Kcotang.A+A'+^ — 0.08:^=Kcotang.A 

+ A' + .42 ^ (1) A' is positive when the instrument is 

above the station, and A is less than 90°; if A is greater 
than 90® h' is negative, and if the instrument is below, 
the station A' is negative when A is less than 90® and 
positive when greater. 

GOBRECnONS FOB OURYATUBB AND BBFRACTIOK, IK OBTADriNO THE 
DIFFEBBNCE OF LBVSL BETWEEN STATIONS, DISTANT FBOM ONB HUN- 
DRED TABDS TO THBEE lOLEa 



Distanees 
in yards. 


Correction in feet. 


For onrratnre. 


For refhMtioii. 


For both carratore 
and refraction. 


100 


0.00215 


0.00031 


0.00184 


150 


0.00484 


0.00069 


0.00416 


200 


0.00861 


0.00123 


0.00738 


300 


0.01938 


0.00227 


0.01661 


500 


0.05383 


0.00769 


0.04614 


650 


0.09098 


0.01300 


0.07798 


880 


0.1668 


0.0238 


0.14300 


1320 


0.3752 


0.0536 


0.32160 


1160 


0.6670 


0.0953 


0.6717 


2640 


1.5008 


0.2144 


1.2864 


3520 


2.6680 


0.3811 


2.2869 


4400 


4.1688 


0.5955 


3.6733 


5280 


6.0030 


0.8561 


5.1469 



A close approximation for curvature is given by 
the formula -^j K being the distance between the 

stations in miles. 

The corrections above tabulated for ordinary prac- 
tice in topography, are less than the probable errors 
of observations, and may be neglected. The table en- 
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ables every one to proceed intelligently, and if ttieae 
eorrectioiiB are not made the officer ia at least aware 
of tlie amount of error thus committed. He should 
always apply them, however, when lie is in search of 
accuracy with the best inatrumentB. 

The difference of level h! of the instrument and the 
station may be measured directly when it is practica- 
ble, or by a trigonometrical process when direct meas- 
urement is impracticable. 

In Fig. 57 we select the points T, G, T, D, and I, 
assigning an arbitrary height to the steeple T, in 
which there happens to be a window some feet below 
the cross, wiiich is the point observed. This height 
is measured, and the zeoiib distance of G is taken, 
which is the upper point of a chimney of a manufactory. 
It is to be understood that the altitude or depression 
may be taken instead of the zenith distance. Then 
going to G, we sight I and F; then occupying F, 
sight G, D, and I, From D we observe the vertical 
angles for F, T, and I, Finally, occupying I, we do 
the same for F and D. This method affords contin- 
nal verification, and, as a test, we may conclude the 
height of T from that of D. 

Applying the data just obtained in the formula (1), 
we deduce the respective differences of level between 
the assumed points. 

We are now prepared to obtain the elevations of 
the important points of the ground, and for this pur- 
pose, dispensing witli the corrections for refraction and 
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cnrvatiire, as our distances do not exceed 1,200 or 
1,300 yards, the formula becomes L^K cotang. A 4-A'. 




This value of L applied to the height of the station by 
Bubtraction when the station is above the point, and by 
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addition vrhen below, gives the altitude of the point 
above the assumed plane. 

As already stated, the points whose altitudes it is 
important to obtain, are situated on the water sheda or 
divides, and on the lines of water descent, or lines of 
reunion of the water,— the beginnings, endings, and 
points of ehange of inclination. As many of these 
points have not been fixed in the survey, it becomes 
necessary to measure their azimuths, as well as to take 
their zenith distances or altitudes. To A' we may as- 
sign a value whicli will be sensibly constant, being the 
height of the instrument above the ground, noting, 
however, any change in its value that may occur. 

If the points are accessible, they are occupied as 
stations ; if not, they are determined by intersec- 
tions. 

Let R be the first station occupied. This point 
having been already fixed in horizontal projection, it 
is only necessary to take the zenith distances of two 
stations, I and G, whose altitudes have been obtained ; 
at the same time take the zenith distances of S, 3, 3, 
and 10, Fig. 56, Then proceed to 4, from which we 
take the azimuth and zenith distances of T and G, 
which enable us to iix 4 both in altitude and horizontal 
projection ; then we sight 3, 5, 6, S, P, R. From 7 
we take the zenith distauees or altitudes of I and G, 
and the azimuth of P, and then the azimuth and ze- 
nith distances of 5, 6, 8, 9, and 10. 

Proceeding thus from point to point, we may obtain 
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the necessary observations, which are arranged 
tabular form, as follows : 



in 



BEGISTEB or LEYELLING OBSBBYATIONS. 



Btatioog. 


Points 
Obseryed. 


Axtaauth. 1 H«SSr 


Altitadeg. 


Heights. 


a 


T. 
G. 
2. 
3. 

10. 










4. 


T. 
G. 
3. 

5. etc. 








•■ 



The first three columns and the fifth are filled in on 
the ground. Afterwards, by the azimuths, the projec- 
tions of the points are fixed on the map, and the dis- 
tance taken from it and applied to the scale gives the 
data to fill the fourth. 

Each point is, by these observations, determined 
twice, which insures accuracy and detects any errors. 
The two determinations should agree nearly. 

This having been done, we take the map on the 
ground, for the purpose of sketching in the forms of the 
ground by the eye; or, in other words, to fill in hori- 
zontal curves, or to draw hachures to represent, in a 
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general way, tlie forma of tlie groniid and the relative 
inclinationB of tlie slopes. 

To this eud, we take positions on the water-sheds, 
and on tlie liuea of reimion of the waters ; in the firBt 
case the horizontals are convex, in tlie sec:ond concave. 
Without reference to equidistance, draw the curves or 
hachures, crowding the former together, or making 
the latter heavier when the slope becomes steeper, and 
acting inversely when the inclination becomes more 
gentle. These curves and hachures are provision- 
al, and only intended to subserve a temporary pur- 
pose, and this being done, it is time to perform the 
£nal details. 

From Fig. 56 it may be seen that the points whose 
altitudes we have determined are so distant from each 
other, that the lines obtained by joining them two and 
two do not lie througliout their length on the ground : 
hence we are not able to apply geometrical processes 
without the deterniinatiuii of other points ; but we may 
apply an approximate method, which is generally aaf- 
ficiently accurate for ordinary military surveys. 

Join the known points on the same slope which 
gives profiles of the ground, and take the case of li, 
15, supposing the equidistance of the horizontal cut- 
ting planes to be ten yards. 

The curve next above 14 is to have an altitude of 
80. Draw it, by the eye, at a distance greater or less 
from 14, according as the provisional hachores or 
curves indicate a gentle or steeper slope. In a similar 
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way find the point of the curve 160, which is first be- 
low 15. We have yet to determine points on the 
curves whose altitudes are multiples of 10, between 80 
and 160. If the provisional hachures are of equal 
lengths, the slope is uniform, and we divide the space 
from 80 to 160 into eight equal parts, and each point 
of division is a point of one of the required curves. 
When the hachures are shorter on one part of the pro- 
file than on another, we crowd the points of division 
together where the hachures are shortest. Taking 
up the other profiles in tlie same way, we determine 
other points, and then join the points of equal altitudes 
by curves, giving them the infiexion observed upon 
the ground, and represented on the map by the forms 
of the provisional curves, or the disposition of the ha- 
chures. The inflexions give an idea of the forms of 
the ground, and their proximity of the steepness. 

This method is followed in the military schools in 
France, and is well adapted to cultivate that topo- 
graphical coup cP<»U so important in duties of this 
character. 

For an outline of a more accurate method, the 
reader is referred to chapter I. 

With a spirit-level or water-level it is easy to trace 
the curves upon the ground. For this purpose clamp 
the vane on the level-staff, at a height just equal to 
the altitude of the line of sight above the ground ; then 
send a man with it, and, by trial, let him find points 
where the middle of the vane is seen on the cross- 
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haira ; plant stakes at these points, which 
points of the horizontal ciirres. To find 
curve one yard above, slide the vane < 
staff that distance, and, as before, determ 
trial. These points may easily be fixec 
pass or plane table in horizontal projecti 
It has been supposed that the zenith 
altitudes have been measured with a theo 
instrument with a vertical graduated lit 
surveys in the field, or any that it is esse 
plete very quickly,.^12^e.^ would «n8e.r^m< 
Simpler instrument's; i3e^^^ 
give the tangent |]|fH^V'an*^e^^^ 
sion directly, instead of the angle itself. 
^ ence of level between iiwo .staMoRS^ in yihi 

be the product of ^lie KorTzontaT "distai 
them by the measured tangent, this to 1 
for the height of the eye of the observe: 
ground. 
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CHAPTER Vm. 



AN EXAMPLB. 



To illustrate the preceding principles, let it be 
supposed that Fig. 67 represents a plan of the survey. 
A reconnoissance of the ground indicates A B as a fa- 
vorable base line, easily measured, and giving iname- 
diately, eligible triangles A B T, A B H, ABF,:A'B 
E. These points, E, F, T, H, and the vertices of the 
other triangles, are selected as principal points: They 
are well distributed over the grouud, permit the em- 
ployment of triangles of favorable form, and are points 
from which a good view of other stations and of all 
marked points in their neighborhood can be obtained. 
In order to decide upon these points, the officer visits 
them separately with a pocket sextant or compass, 
and from each takes the bearing of every other visible 
principal point. He may, if in doubt as to the pro- 
priety of adopting them, make a preliminary sketch. 
For this purpose, according to any suitable scale, he 
lays down upon the paper the base line A B, already 
measured ; and having taken the magnetic bearing of 
B from A, he corrects it for the variation of the com- 
pass, and through A, by means of a protractor, lays off 
the meridian, making with A B the true bearing of 
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B. Taking the bearing of H, F, T, E, from A, and 
then t'roin B taking the hearings of the same pointe, 
he ia ahle to plot these points hy intersections, and, by 
a protractor, mea&nre the angles of the triangles A B 
H. etc., or, indeed, obtain tliera by taking the dif- 
ference of their magnetic bearings. By plotting them, 
however, he may, by taking off in dividers the dis- 
tance A H, etc, from tlie paper, and applying it to 
his scale of equal parts, find approximate values for 
the sides of the triangles. 

If any primary point, aa L, Khould not he marked 
by any distinguishing feature, as a tree or chimney, 
etc., ho erects there a station or flag pole. 

He embodies the resulta of his observations in a 
table of this form : 



...... 


^"''i 


E.C 1 t,C"' 


"•"^ 












A, Pme-tTBB St WGS- 


K 


S13° E 


AB-124B.5 




torn eitremity of 
bane. 


H 
T 

BtO. 


N79 30' E 


AT=^1137 
AP=102S 




B, BMtem eitramity of 
bMB, marked bj a 


A 
H 
T 


N73' W 
Nir W 


BH=1I66 
BT=I3n 




H, Flag-pole on top 
of a conical hilL 


A 

B 
P 


S19*30'W 
ssrso'w 


HP=12S9 
H 0=1597 




P, A steeple of a 
church. 











Each Btation having been occupied, and from it the 
useful bearings taken and recorded, and the approxi- 
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mate positions of the primary points laid upon the 
sketch, it is found that the points have been judi- 
douBl J selected. 

The base is carefully measured and remeasured by 
the chain, or, for greater accuracy, by other processes, 
which it is scarcely necessary to describe here, since 
the chain generally subserves military purposes suffi- 
ciently welL For this purpose, as previously stated, 
the different points of change of slope are marked by 
stakes, and the inclinations and lengths of the slopes 
measured by the chain and level, in conformity to 
principles laid down on page 16. Each of these 
lengths is reduced to the horizon, and the sum is the 
horizontal projection of A B. 

"We are now prepared to measure the angles. 
For this purpose, supposing the theodolite to be the 
measuring instrument, we set it up, adjust, and level 
it at B. The telescope is successively directed to each 
of the visible stations, and for each, the verniers of 
the horizontal and vertical limbs are read, and the 
angle recorded in tabular form as above. 

By any of the methods for that purpose, the reading 
of the |iorth meridian on the horizontal limb is ascer- 
tained, and the difference between this and the read- 
ing of A gives the azimuth of A, estimated from the 
north to the west. Let us suppose that difference to 
be 67^ 25'; then, by referring to the compass bearing of 
A from B, we find it to be N. 73 W.; hence the varia- 
tion of the compass is t3°-67^ 26'— 5° 3S', and is 
7 
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east, since the north end of the needle is east of the 
true meridian. 

The vertical readings give the angles of elevation 
or depression of the dill'erent stationa as seen from B, 
and serve to determine the difference of level of the 
primary points. 

The difference between the instrnmental readings 
of horizontal Hrab, when the telescope ie directed to A 
and to K, is the angle A B H ; between those of H 
and F is the angle H B F, and bo on for all similar 
cases. 

Having completed the observations at B, the theodo- 
lite is taken up and carried to A, which is a pine-tree, 
BO that it is irapossible to set it up exactly at the sta- 
tion, but an eligible position, A', is fonnd for it, from 
which all the primary points connected with A are 
visible, distant from A 9,4 yards. We will now give 
the calculation to reduce the measured angle, B A' T, 
to the centre of the station, or, in other words, ascer- 
tain what the angle BAT would be, if it were possi- 
ble to mount the theodolite over the centre of A. 
For this purjioBe the formula, page 115, is A — A'== 
( B A ' T -f A A' T ) A A', sin. A A' T 
AA,sm. ^jj g.^ ^„ -AT, Bin! V' ' 
and our data are B A' T, measured by the theodolite) 
'= 64° 13', and A A' T, measured by the theodolite^ 
— 57' 29'. A A' calculated. 

A T and A B, taken from the table of distances, 
given above, are respectively 1,137 and 1,248.5 yds. 
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Then for the first term we have, 

Log. of A A' 9.4 0.9731279 

Log. sin. of (B A' T + A A' T) — 121<' 41' 9.9299112 

Lc^. ofAB 1248.5 X a 6.9036116 

L<^. sin. of 1" .4. a 6.3144251 

Log. 1321".5 3.1210757 

For the calculation of the second term, 

Log. of A A' 9.4 0.9731279 

Log. sin. of A A' T 57" 29' 9.9259487 

Log. of A T 1137 A.C. 6.9442895 

Log. sin. 1" ^. C. 5.3144251 

Log. 1438" 3.1677412 

Hence A-A'= 1321".6 - 1438" = -116".5 = - 
1'56"6 and A = 64° 12' - 1'56"5 = 64° 10' 03"5. 

Whether the operation is to be performed, or 
whether the angle at the assnmed point near the sta- 
tion is to be taken as the tme angle at the station, 
depends upon the accuracy which it is expected to 
attain, and the distance from the station of the point 
assumed, as compared with the length of the sides of 
the primary triangnlation. 

The theodolite measuring horizontal angles, there 
is no correction for reduction to the horizon to be ap- ' 

1 

plied to them. 

In the same manner the angles at each station are 
measured, and the triangolation is completed. 

As stated in chapter I., we regard the extent of the 
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Borvey as plane ; hence the triaoglee are plane, iiil 
the Bum of the angles in each should be equal tolSO*, 
If the work has heen well done the difference will bo 
slight, and unless there is reason to euppose the exist- 
ence of error at any particular station, the difference 
between their Bnm and 180° is distributed equally 
among the angles, so as to make their corrected sum 
180". 

"We are now prepared to calculate the triangles, and 
to illustrate the process we will take the first one, 
ABT. 

It is to be remarked, that these angles and sides have 
been assumed, to illustrate the application of principles, 
and have not been obtained from actual observation. 
Angle U A T, 64° 10' 
Angle B T A, 58= 45' 
Angle ABT, 57° 05' 
Side A B, 1248.5 yds. 

The relation between the sides and the sines of the 
opposite angles gives: 

Log. sine T 58° 45' ^ C . . . . O.O6S078T 
-Log. Bine A 64° 10' .... 9.9542741 

Log. A B 1248.5 3.0963S85 

Log. B T 1314.5 3.1187413 

A similar computation gives the value of A T, and 
in each of the subsequent triangles there will be 
known, as we progress, one side, and all the angles 
from which the remaining sides result. These may bo 
tabulated under- a form like the following: 
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Triangles. 


Bedneed Angles. 


Length of Sides. 


ABT 
ABH 


( B A D = 64» 10' 
-{ B T A =58*^ 45' 
(ABT = 57*05' 
(ABH = 
^BAH = 

(ahb = 


A B = 1248.5 
B T = 1314.5 
AT = 
BH = 
AH = 



Having in this manner found all the angles and 
sides as well as the azimuth of one, we are prepared 
to lay down the principal points on the map. Then 
through B draw a line to represent the meridian, and 
another at right angles to it. The azimuth of A from 
B, measured from the horth to west, we have found to 
be 67° 25', and the length of A B 1248.5 : the co-ordi- 
nates of A then are — 

N. 1248.5 X cosine 67° 25' 
W.=1248.5x8ine67°25'. 

Then, laying off from B towards the north a distance 
equal the first co-ordinate, and on the other co-ordi- 
nate axis a distance to the west equal to the other, 
and drawing through these points lines respectively 
parallel to the axes forming a rectangle, the intersection 
of these lines is the projection on the paper of A. A 
precisely sinailar course gives the co-ordinates all the 
principal points connected with B. For the co-ordi- 
nates of H, we have 

N=B H X cosine 30° 05' (N B H) 
E=B H X sine 30° 05'. 

The co-ordinates of O we obtain by adding to the 
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co-ordinates of H those of O in reference to BL Thns, 

for O we have 

N=B H X cosine 80® 05' +H O x cosine of azimuth of 

O from H. 
E=B H X sine 30** 05'+H O x sine of azimuth of 

from H. 
These elements should be recorded in tabular 
form. Then we may regard the principal points as 
plotted, and we have a configuration represented in Fig. 

Fig.5& 
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58, where tlie stations axe designated by the small 
letters. 

In order to avoid confusion, no mention has been 
made of the bearings taken from each of the stations 
to other features. Thus, from B may be seen a num- 
ber of points on the banks of the river, easily recog- 
nizable, as the bends, a remarkable tree, also a number 
of cross-roads. These are sighted and their instru- 
mental bearings recorded. From A some of the same 
points are visible ; their readings are taken and re- 
corded. F gives a new series, and so on for each of 
the stations. These give rise to a multitude of inter- 
sections, fixing the positions of the secondary points, 
and the same point is capable of being determined by 
more than one intersection generally. 

Should there be any point from which only one 
primary station is visible, we determine it by taking 
the bearing and measuring the distance of the station, 
and the same plan may be followed for the details 
which adjoin any determined point. 

Having fixed a cross-road with the compass, take 
the bearings of the branches as they radiate from this 
point, and plot them on the sheet. 

Thus as many points are determined as the officer 
may choose, and the details about each are obtained. 

The manner of obtaining the details has already 
been fully explained and needs no repetition. 

The differences of level are also to be obtained, and, 
for the purpose of applying the formula, we will take 
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a single case. Let us suppose that, at the banning, 
the height of. each of the principal points is unknown. 
"We assign to the clock-tower M, which is 4.3 below 
the cross, an arbitrary height of 130. "With the 
theodolite we have measured the depression of D 
below M, = 9' 10'' ; hence A is equal to 90** 09' 
10"; K=1237; A=-.4.3. 

Log. K = 3.09237 

Log. cot, A = 7.42657 
= -3*.3 0.51894 

A=--4.3 

7 .6 Assumed height of M 130. 

+.42^ 01 

130.10 
-7.60 
Height of D = 122.5 
In the same way the altitudes of each of the points 
may be obtained. The details of levelling and loca- 
tion of the horizontal sections are completed by the 
means previously described. 
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CHAPTER IX. 

ISBEGnLAB BUBYETING. 

This branch of the subject relates to reconnoissances 
which it is necessary to execute very rapidly, either 
on account of the proximity of the enemy or from 
some other cause, and with special instruments, or 
frequently without any. It is needless to insist upon 
the utility of such surveys ; it is sufficient to remark 
that they serve to regulate the march of troops, suffice 
for the selection and location of camps, field fortifica- 
tions, the passages of rivers, etc. 

These reconnoissances may be regarded as composed 
of two parts : 1. The topographical, to represent clearly 
details that a general map never affords ; 2. Statistic 
and military memoirs. As to the latter, what is said 
elsewhere as to their preparation is general and ap- 
plies to this case. 

These rapid and irregular surveys having for their 
object to represent the natural and artificial features 
of the country, with the maximum exactitude consist- 
ent with the rapidity of their execution, it is evident 
that they are based upon the same principles as more 
elaborate operations. The difference between them 
consists in the use of more portable and less bulky 
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inetminentB, in the Bubstitution of pacing for the nse 
of the chain — indeed, in the estimation of distances 
and details by the eye in many eases. It is then 
necessary to have liad considerable experience in regu- 
lar surveys in order to know the most simple mode 
of procedure, and to estimate the errors neceaaarily 
introduced. 

The survey is commenced by the determination of 
the principal points by tri angulation, to which details 
are afterwards referred. All, then, reduces to the 
measurement of angles and a base. This base may 
sometimes be taken from a general map, or obtained 
by the chain, or measuring hy pacing. 

When it is to be measured it is selected, if possibie, 
on a high, open, level plain, where it is easy to meas- 
nre it, so that ffom its extremities a large extent of 
ground may be seen. Then, by the smallest possible 
number of triangles, we pass to two points, occupying 
I central position and susceptible of serving as sta- 
tions ; from these stations we sight all the points that 
are of importance in fixing the details, the lines of 
sight intersecting on these points. Thus the number 
of triangles is increased, and their sides become shorter 
and shorter. These, in their turn, serve to determine a 
crowd of other points, and adjacent details may be 
easily filled in by the eye, or by paeing, withont great 
errors. 

The secondary points and the details should be 
almost entirely determined by intersections of lines 
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plotted from bearings. If the use of the chain over 
long distances affects a survey with considerable error, 
it may readily be conceived that they would become 
very great were all points to be fixed by measure- 
ments not more exact than are obtained by pacing, 
by the use of stadia or by estimation. 

Still, measurements by pacing or otherwise are not 
to be entirely discarded ; a distance and a bearing to a 
station are sufficient to determine a point. In some 
cases no alternative is possible, and we are compelled 
to plot from measured distances. 

The officer starting from a station, determined as 
prescribed above, walks along the side of one of the 
triangles and sketches, by the eye or by pacing, all the 
details to his right or left ; or, if preferable, he may 
take any other direction, making an angle with one 
of the sides, which angle is to be measured and plotted 
immediately. Thus he fills in very quickly the area 
of the triangle. This method applies to all descrip- 
tions of country ; if open, it is of easy application ; in 
thickly wooded localities it is more difficult ; but the 
method of measuring distances to every point should 
only be resorted to in the last extremity. 

When the .country is open, and the officer has men 
and time at his disposal, he may cause to be signalled, 
or marked, trees remarkable for their position or ele- 
vation ; then, by getting as far above the ground as 
he can, he determines each of the points which are to 
serve as stations and centres for the determination of 
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details, up to the middle point of the interral to the 
adjoining stations. 

An elevation of three or four feet increases consider- 
ably the field of view, bo that it may sometimeB be 
advantageous to make observations from the saddle, 
for which purpose an instrument must be used which 
does not require a fixed support, such as the pocket 
sextant or prismatic compass. He will probably 
experience considerable difficulty in recognizing an 
object seen from different points of view and in differ- 
ent lights. He makes use of every thing to guide him, 
the form or color of the top of a tree, a point of rocks, 
a chimney, or even the smoke from it, if the chimney 
should cease to be visible. The time taken to fix well 
a good station cannot be considered as lost : it will 
be regained and compensated for by the rapidity with 
which he obtains the details in the interior of the tri- 
angles, and the certainty that he will have that his 
errors will be small and promptly rectified, from the 
frequency with which he encoimters known points. 
Indeed, there may be economy of time, because he 
will sketch with the certainty that he will not be 
obliged to return to what was previously done, whereas 
by the method of measuring the distance of each 
point, he never draws a line but with the fear that he 
will be obliged to efface it to correct it, so that his 
work will be more quickty and more neatly done. 

The country, however, may be of such a character 
that it is not possible to work otherwise than by ineaB> 
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nrement of distances, with the diaadvantages of but 
few and widely separated known points. The labor 
then beconucB painful and tedious. It then becomes 
necessary to determine, with all possible care, the 
directions pursued, and their intersections, and to make 
continually excursions to the right and left, thus pro- 
ceeding by a series of partial reconnoissances. 

The French prefer the plane table for determination 
of points by intersections, as indeed generally in to- 
pography, both fur accuracy and expedition. For 
this irregular purpose several authorities recommend 
the portable form described on page 84. It may be 
held in either hand, with a single staff for a support, 
elevating and depressing it alternately to point it, and 
the attached compass read. 

Without a compass, the plane table may be approxi- 
mately put in position, by fixing in it a needle up- 
right, the shadows of which have been previously 
traced for every hour in tbe day. Then, to put it in 
position at any station, observe the time by a watcli, 
and turn the instrnment until the shadow of the needle 
corresponds to the time of day. This would not an- 
swer for regular topography ; and is only practicable 
when the son shines. 

When an officer has no instruments, he can con- 
struct rude ones, which may serve a good purpose in 
measurement of angles. A protractor, the legs of a 
pair of dividers, a variable length held at a conetant 
distance from the eye, for instance, at arm's length, 
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as described on page 87, or a triangle, the base a rde, 

and the other two sides of a thread, its extremities 
attached to the ends of the rule, which, being bent a 
different points, gives different angles between its 
branches. Take a sheet of paper, fold it into two 
parts, then double it again along the folded edge as 
though to divide it into lour equal parts. The angle 
between the edge of the first fold and that of the 
second is assumed aa a right angle. Cut off one of 
the pieces carefully along the fold, double this at the 
angle, bo that the edges accurately coincide, we obtain 

°, and by successive bisections smaller angles. 
Then, marking along the folds with a pencil and num- 
bering the angles, we liave a protractor, either to plot 
or to measure angles. 

Attaching a light plummet to the angular point, we 
may adapt it to tlie measurement of vertical angles, 
holding it vertically with the angular point from the 
eye when the object is above the horizon, and towards 
the eye when it is below. 

For distances which we cannot pass over we may 
use the telescopic stadia, previously described, withont 
the staff, which ia replaced by a local object, such aa 
a tree of a kind which has nearly a uniform height, a 
window, a cabin, man or animal, or any other object 
to which we can assign a height more or less conform- 
able to the truth. 

For other methods of rude approximation refer to 
Chapter IT., on Distances, 
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Vertical Measurements. — ^The elevations of different 
points are at least as important on some accounts as 
their projections, and are determined by a base and 
the angle of inclination, except when the eye may be 
trusted, and the former method may be used in con- 
nection with the latter. 

After measuring an inclination, the height may be 
obtained by use of a triangular scale of the form of 
Fig. 41, where the base represents the trigonometrical 
base according to the scale ; from the angular point N 
lines are drawn, making with the base, respectively, 
angles of 5®, 10®, 15®, etc. The perpendiculars 
through the points of division of the base complete a 
series of similar right-angled triangles, of which the 
altitudes multiplied by the denominator of the scale, 

by 10.000, if the scale be , give the differences 

•^ 10.000' ^ 

of level. 

For further methods and instruments we may refer 
to Captain Livet's level, and Bernier's clisimeter, and 
Burel's reflecting level. 

Sketch by the Eye. — It is often necessary to make a 
sketch of ground in the presence of the enemy. Here 
every thing is sacrificed to celerity. The oflBcer is 
thrown upon his own resources, and has no longer 
even the simplest instruments. Hence, success de- 
pends upon rapidity and accuracy of coup d'ceil^ and 
here will be felt, in a marked degree, the value of ex- 
perience. The less the officer is able to count upon 
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the exactness of liis operatione in lixing details, the 
more nearly should he conform to the order of proce- 
dore in other cases. He sliould, as before, form large 
triangles, the areas of which are to be filled in with 
details sketched in from each station. A little expe- 
rience enables one to obtain considerable accuracy, by 
the following means : Having provided a light board 
or portfolio, with the paper stretched, lay down the 
base on it, according to the scale adopted. Then take 
post at one extremity of the base, and set up a needle 
on its projection. Hold the board horizontally in the 
left hand at the height of the eye, bo that, looking 
along the line, we see the other extremity of the bafle, 
then the line is in the vertical plane of the base, and 
the board is in position. Move the eye so that the 
iieedle is seen projected on a point which it is desira- 
ble to fix, and, with a pencil in the right hand, draw 
a line from the pin towards the point, and in the same 
way sight other points. Then go to the other ex- 
tremity of the base, and place the projection of the base 
in the vertical plane tlirough the base, then the board 
is in position ; and then sight the points seen from 
the first station, and draw lines as before ; their respec- 
tive interficctions are the points required. The needle, 
of course, is shifted to the projection of the second 
station. The board is evidently applied aa a piano 
table. 

As for the relative heights of different points, the 
eye must be trusted, as well as for the character of 
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the different slopea. A Btraiglit rule, snapeaded by 
its centre of gravity, will be liorizontal ; and the eye, 
looking along it, will be able to ascertain wbat points 
are above, and wbat below the plane of his borizon, 
and the difference of level he should be able to esti- 
rudely. 

It may be that the officer has not even time for 
simple processes — that, indeed, he cannot halt at 
all ; in Eucb cases bis sketch is made after his return. 
No precepts can be laid down for this case. The offi- 
cer should be familiar with the forms assumed by 
different kinds of country, so that he may be able to 
make fair inferences in reference to points which are 
masked, from those which he is able to see ; of course, 
he sees all that he can ; measures distances between the 
most important points by the time required to pass 
over them — the direction of streams, ravines, etc., — 
the slopes and elevations, kind of houses, etc. 

Sketch tnade frojn verbal information from spies, 
or inkahitamia of the country : 

For instance, if an officer be ordered to conduct 
a detachment to a portion of tiie field of opera- 
tions, of which no maps have ever been prepared, he 
first endeavors to obtain a definite conception of the 
character of the country, its roads, villages, farm- 
houses, etc. ; for this purpose be interrogates spies, 
refugees, or others, who are familiar with it, and, 
attor careful comparison of their answers, draws his 
inferences. It often requires tact to discover how much 



I 



ts. Some ! 

(an J _.(!.« ' 






its MILITAST SCEVEYINO. 

reliance is to be |ilaced iti the various accounts, 
know more, and othera less, than thej pretend — the 
occupations of different persous lead them to take par- 
ticular notice of different featuree. These hints are 
necessarily of a very general character. It is gener- 
ally advantageous to make a sketch of the country in 
the presence of, and from the information of, tlie per- 
son or persons interrogated, and to mark upon it the 
distance between the renrtarkable points in time. 

Even in this case it is often wise to have a system 
of triangiilatiou of the principal points, layiug them 
down by their conjectured distances apart, and using 
them as points of reference to determine the positions 
of farm-houses, bridges, cross-roads, etc. 

It will be perceived that the spirit of the method is 
the same in all cases, whether it is a river, a road, or 
a position which is to be reconnoitred ; whether it is 
to be thoroughly surveyed, or wiiether the work is to 
be done rapidly, the principles are the same in all. In 
the last-mentioned case, it is necessary to saeritice some 
details to others and to celerity; and the points that 
deserve especial notice are determined by the instruc- 
tions of tlie general and an acquaintance with the op- 
erations of war. 

JUjieran^s. — These are special affairs intended to 
regulate the march and halting places of convoys, 
supply or emigrant trains. For these purposes it is 
exceedingly important to obtain reliable estimates of 
the resources of the country as to forage, provieioos. 
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the camping-places, the quantity and qnality of graaa 
and water. It is more important, too, to have the 
diataneefl between camping-places given in time than 
in miles. A table embodying these data, and others 
giving the facility of the roads, fords, etc., is an itin- 
erary of the route, though it is usually accompanied 
by a map of the road and its vicinity. On the man- 
ner of making this, little can be added to what has 
gone before. 

Distances are obtained by pacing, by the rate of 
travel of your horae, or, if you have a wagon, strap an 
odometer to one of the wheels. At the starting-point 
take the bearing of the direction of the road and of 
any objects, such as peculiar peaks, well-marked trees, 
houses, etc., which it may he desirable to include in 
the sketch, and read the odometer. When the road 
changes direction, take another hearing, and the dis- 
tance ; and, indeed, do the latter for all important 
points, such as where the road crosses a stream, whero 
it commences a remarkable ascent or descent. The 
surrounding details are sketched, as the officer pro- 
ceeds. The manner of doing this has been described. 
The note-hook is kept in the form of Tig. 49, At the 
conclusion of each day's march, the partial sketches 
are transferred to tlie genera! sheet. 

In reconnoissancGs of the character described in this 
chapter, considerable latitude exists in the signs or 
representations of diiferent features ; and while it is 
desirable that there should be uniformity, at the same 
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time it is only essential that they ehoald be under- 
stood. In the next chapter will bo found General 
Dufoiir's system of conventional signs, to be used for 
the results of a reconnoi&sance. 

A recapitulation of the points of difference between 
I regular and an irregular survey, and a more exact 
account of the steps to be ptiraued in the latter opera- 
tion, may be useful to eome, even if wearisome to 
others. 

It has been said that the instruments must be port- 
able, such as can be carried in the pocket or Batchel. 
This reduces us to the compass (prismatic or pocket), 
or the pocket sextant, for horizontal angles ; and to 
Eurel's level, or a protractor, or a small graduated 
Btrip, for vertical angles. 

"We pace the base, or we ride over it, noting the 
time, and thus calculate its length ; we remeasure it, 
if possible, as it is important to get nearly its true 
length ; we select it as nearly horizontal as possible, 
for tlierc is no time to reduce it to the horizon, and 
we are obliged to accept its measured length as our 
le. There is no correction of angles for reduction 
to the horizon, or for reduction to the centre of the 
station, so that we accept the measured angles for our 
ingulation. The sextant's angles lip in the plane 
of the observer and the objects, hence are not hoi-i- 
zontal, but, for small differences of level, do not differ 
much from their reduced value. Without reduction, 
they are more accurate than those given by the com- 
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paes ; nor is there time to calculate the trian: 
to obtain the co-ordinates of the principal points. A 
line is drawn to represent the magnetic meridian, and 
with a protractor the base 13 laid down ac<;ordiiig to 
its bearing ; and as the protractor does not lay down 
an angle perhaps within a half degree, we are less 
concerned that the compass is equally defective. 

The protractor lays down the lines of sight first 
from one extremity of the base, then from the other ; 
and the principal, as well as the secondary points are 
fixed by intersections. T!ie sketch is then made ; a» 
the officer proceeds, he fills in by the eye, by estimat- 
ing distances, or by pacing them, if he has time, of the 
details surrounding each station ; and, as he proceeds 
from one to another, he notes in the same way all 
important points. 

In such an affair almost every thing must depend 
m the individual ; his rapidity of conception and 
execution, his familiarity with tlie means at his dispo- 
sal, his ability to estimate distances, to detect the 
direction of streams from the general features of the 
country ; in a word, on the coup efail which, in its 
best development, is a natural gift carefully culti- 
vated and enlightened by experience. 

By experience a person becomes able to pace a dis- 
tance within perhaps l-30th, or, in some cases, within 
still narrower limits, and to estimate distances of two 
or three hundred yards or less, within 1-lOth to l-15th 
of their true value. 



1 



166 MIUTABT SUBVKTINa. 

The points which require special attention depend 
upon the views of the commanding general, the ob- 
ject which he contemplated in ordering the recon- 
noissance, and which he has imparted, verbally or by 
written instructions, to the ofiEicer. 
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CHAPTER X. 
oia^ERAL dufoub's bemabkb ok begonnoissanoes.- 

BZAMPLB8 OF BBOONNOISSANOB. ' 



Beooknoissances may be classified as follows, viz. : 
reconnoissances in force, and topographical reconnois- 
sances. 

The first have for their object to ascertain the 
strength, composition, and position of the enemy's 
forces, as well as their movements, in order to enable 
the general to draw inferences in reference to their 
intention, or to plan an offensive movement. They 
are executed by a detachment of sufficient strength to 
drive in the enemy's outposts, and compel him to de- 
velop his strength and display his forces. 

Topographical reconnoissances are not less impor- 
tant, for a general without an exact knowledge of the 
local features, cannot determine upon a plan of attack, 
or, indeed, undertake any operation of magnitude. 
He must know the various distances between certain 
points, in order to combine the marches of different 

columns ; and the difficulties to be encountered, in or- 
der to decide upon the arrangements to be made, and 
the precautions to be observed. This information is 
obtained by special reconnoissances, for even the most 



186 MILlTAHr SUEVEYISG. 



^ 



detailed maps are insufficient ; tiiey never tell the na- 
ture of the Boil, the kind and condition of the roada, 
tlie state of the rivers and bridges, and otlier points 
of information wliicli it is essential to be informed of 
before undertaking an operation. 

This kind of reeonnoissance is usually a function of 
staff officers. They are sent during peace to study the 
countries that may become theatres of operations, 
and to draw up descriptions of them, by means of topo- 
graphical maps, if they are permitted; if' not, by 
memoirs, at the same time making note of any errors 
that they are able to discover in existing charts.' 
It is the staff officer, too, who, protected by a few 
troops, usually makes, in the presence of the enemy, 
the sketches which represent, with more or less exact- 
ness, the most essential features of ^ position. They, 
too, usually prepare the itineraries as the army ad- 
vances, survey positions, battle-fields, and often large 
extents of country. However, every officer is liable 
to be placed in circumstances which make it neeessarj 
for hira to explore a locality, and to give a descrip- 
tion of it. For this reason, it may be well to indicate 
the means which can be employed by one who is not 
an expert draughtsman. 

The most difficult feature to represent in a map 18 
the relief of the ground. It is done, either by construct- 
ing the projections of the curves cut out of the ground 
by equidistant planes, or by hachuree. The latter mode 
requires a degree of skill which is not generally pos- 
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seased by officers; and, moreover, it frequently happeDB 
that there ia not time. For thia reason it is proposed 
to replace hacliures by lines, whioh eimply indicate 
the contours, one at the top and the other at the foot 
of the declivity. These are not necessarily lines of 
level, but they arc the lines most readily seized by the 
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eye, and, moreover, are the most natural ones to be 
made when the officer has ro time for a more detailed 
representation, or when he merely dceires to indicate 
the general form of a plateau, hill, or range. The 
Gpace between these lines is sufficient to contain a few 
words descriptive of the circumstancea of the slope. 
We can record that the inclination ia gentle or rapid, 
that it ia practicable for cavalry or not, and state the 
approximate height. We may thus clearly and briefly 
state all that it is eesential to know. In order that 
these contour lines may not be confounded with those 
intended for other purposes, they should be traced in 
dotted lines, as in Fig. 59, In the upper part of the 
figure, the contour lines indicate a plateau which rises 
gently from the plain. Lower, and near the river, 
there are two others, which indicate an elongated 
eminence ; and words or figures between the curves, 
make known the character of the slopes, or at least 
what is essential in a military point of view. On the 
right is a spur, represented in a similar manner ; it 
terminates near the river, in abrupt rocky blo&, and 
a little iiill, which rises at its extremity, is indicated 
by its own special contour 'lines. The figures in 
brackets are the heights of the points of the upper 
curve above the corresponding points of the lower. 
These elevations are only approximative. 

Thus the plateau is, on the right, about 100 feet 
above the plain, its centre about 90, and the left about 
75. The isolated eminence is 10 feet at one extremity, 
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BQd 12 at the other above the plain, and eo on for the 
others. It is not easy to estimate aititudea by the eye, 
and hence they are rarely represented in a sketch; but 
the figure and explanation show how to present this 
information without confusing the map. Every offi- 
cer using this simple mode of representation, ought to 
be able to indicate, with more or leas accuracy, the 
forms of the ground which he passes over. The fidelity 
of hia sketch will depend only upon the accuracy of 
his coup (Fmil, a faculty only acquired by experience, 
and the officer need no longer be delayed by the diffi- 
culty and duration of this part of the work. 

General Dufour further proposes to subatitute for 
the usual topographical aigns, in such cases, simpler 
modes of representation. 

First, for water-courses. Kepreaent them by two 
lines, one stronger than the other ; or by a aucceaaion 
of parallel lines between the two bounding ones. A 
blue tint may be used to replace the interior lines ; 
an arrow represents the direction of the current ; a 
water-mill is represented on the lower part of the 
river. The rivulet on the right of the figure is en- 
closed by ateep bluffs, as is shown by the two irr^u- 
lar lines traced along its banks. 

Means of Oroasing. — On the left is a ferry-boat; in 
the centre is a stone bridge, distinguished from the 
wooden one, over the rivulet, by the fact, that the latter 
is narrower and has no wings on the approaches. 
Higher np, a ford is indicated by dotted lines. Thia 
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line need not be confounded with contour lines, both 
because of its position and the manner in which it ia 
drawn. Lakes, ponds, etc., are represented by the satne 
means as running water, the only difference being in 
the form. Marshes are designated by a contour hne, 
within which are groups of eliort parallel lines, with 
an occasional representation of grass. We note, with- 
in the outline, whether it is practicable or not, 

Forests require much time by the ordinary conven- 
tional signs. It is sufficient to trace their outline, and 
in the intei'ior draw parallel right lines across, to rep- 
resent trees, and a winding line for vines. In the in- 
terior write the kind of forest, whether open or tan- 
gled, large or small timber. Kocks are difficult of 
reprtsentation ; as their forma are extremely variable. 
It is necessary to imitate them. "When they are in the 
form of long bluffs, we may be content with sketching 
the top and bottom line, as in the right-hand part of 
the figure, putting a few cross Hues to relieve it from 
the appearance of being a band. 

Houses. — If it were necessary to fill in alt the housea 
of a town, as would be proper in a thorough survey, 
it would require much time, and would discourage the 
greater number of officers. But it is extremely easy 
to mark their place by a sign, without concerning 
onrselvea with their form. A circle, crossed by pa^ 
allel lines, denotes a village. For more important 
lowns, use a square similarly marked. 

Isolated houses, such as farm-houses, churches, etc.. 
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are drawn without reference to any scale, to represent 
their proper shapes. 

Hoods. — It is necessary to exaggerate their dimen- 
sions in order to represent them. A great route of 
communication is represented by two parallel lines ; 
the same answers for a carriage road, only the latter 
is narrower. A road practicable for small vehicles 
only, is represented by a full and dotted line, and 
trails for pack animals by a single full line. Dis- 
tances between de^gnated points are marked in the 
roads. They are expressed in the time required for a 
footman to pass over them, supposing him to travel at 
a certain rate ; the gait of a horse might be applied to 
the same purpose. When a road extends beyond the 
limit of the sheet, the name of the place to which it 
leads should be written on its line of direction. 

Levees and dikes should be represented, since they 
may be of military importance in defence. They are 
represented by parallel lines ; and to be distinguished 
from roads, they are crossed transversely by short ha- 
chures. One is represented in the figure, near the bridge. 

Such are the conventional signs which an ofiicer 
may employ to represent easily and rapidly the result 
of his observations. He may not make a fine draw- 
ing, but a military sketch which may be very useful 
if the relative distances and the forms of objects have 
been passably obtained. To complete the sketch, the 
meridian should be laid down with more or less accu- 
racy, and a scale of yards or miles, and fractions, 
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should be added ; and ae distances have been given in 
time, there should also be a scale of this kind. 

An officer, charged with a reconnoisaance, prepares 
his paper beforehand ; glues it to a board, so that the 
wind fihall not interfere ; places his scales on it, aod 
locates approxiraatively the villages comprised in the 
country to be reconnoitred, in such a manner, how- 
ever, that they may be efiaced. He fixes them by 
taking them from a general map, or from information 
derived from individuals. With this skeleton he is 
prepared to go to work. 

Let it be supposed that the enemy's patrols have 
shown themselves in the country, and that it is neces- 
sary to provide for them. The officer arrives with 
his detachment at the village A, in the evening. He 
sleeps there, and acquires from intelligent inhabitants 
all possible information in reference to the surrounding 
country. He has already ascertained the number of 
inhabitants of the villages B, C, D, and E, the distances 
between them, and to the places connected with them 
by roads. He knows that, besides the bridge on the 
macadamized road, there is a ferry at the village D, 
and a ford above, practicable for cavalry. He has 
recorded these items, and, in addition, secured a good 
guide before retiring for the night. The enemy has 
been observed on the heights, on the right bank, and 
every precaution is taken by the officer to guard 
against surprise during the night. 

In the morning he assembles hia party at the break 
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of day, and sends a small detachment, under command 
of a subaltern or non-commissioned oflScer, to recon- 
noitre the villages D and E, and to discover whether 
they are occupied by the enemy. He dispatches an- 
other party, by the right-hand road, to examine the 
large country seat, and explore the ravine and the 
banks of the river. These detachments have orders 
to rejoin the main party near the bridge. The latter 
puts itself in motion, preceded by a small advance 
guard. A halt of a half hour is made at the inn on 
the main road, to'give time for the detached parties 
to complete their duties, and to ascertain the character 
of the ford. He sends a man to examine and sound 
it.* He then starts again, noting distances by his 
watch, and traces their directions on his map. At the 
bridge another halt is made, to await the junction of 
the detachments. They having joined, he leaves one- 
third of his force as a guard for the bridge, and with 
the remainder marches directly for the village B, 
tlirowing out skirmishers on the front and flanks, di- 
recting them not to lose sight of the main body. He 
continues to take distances and to sketch in the feat- 
ures of the country. He marks in his sketch the 
points where roads and trails leave the main route, the 
foot and summit of hills, the position of houses, etc. 
In reference to hilly portions of the road, he should 
diminish the length of scale, corresponding to a min- 
ute and more as the slope becomes steeper, for two 
reasons: first, that the horizontal distances, which 



n 



176 MlLITAKr arBVEYINO. 

are the ones required, are \css than the actual inclined 
portions passed over ; and, secondly, because the act 
' ual distance passed over in the same time is leas than 
it would have been on level ground. 

The lengths of the scales should be reduced by one- 
fourth for gentle slopes, and by a third to one-half 
(or steeper ones. When the eye is practised in the 
estimation of distances, it is of great advantage in 
such cases. 

Arrived at B, the officer leaves a third of his force, 
and with the remainder advances a mile or two on the 
high road, to assure himself that no enemy is approach- 
ing from that route. He may at any time liave an 
engagement with parties of the enemy. If he meets 
a patrol, inferior in strength to his own, or an outpost, 
he may attack, endeavoring to secure one or more pris- 
oners, from whom be can ascertain the positionsof the 
troops most advanced. After having thus beaten up 
the country he falls back promptly to the village B, 
and now, properly speaking, begins his topographical 
work. He establishes the main portion of his force 
in position at the village, to be prepared for an attack 
from the enemy, and, accompanied by a guard of a 
non-commissioned officer and two or three soldiers, and 
preceded by a few skirmishers, proceeds first to the 
left of the plateau towards the windmills, to note the 
slopes and sketch the country on this side. He makes 
the circuit of the plateau, returning by the post-house 
(indicated by a trumpet). 
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From B he proceeds towards 0, taking half his 
force with him, directing the commander of the other 
half to leave the village in one hour and take a posi- 
tion at the foot of the slope of the plateau. Then 
proceeding towards C, he halts at the foot and top of 
the slope, to mark their directions on the sketch. He 
takes care to put in the lines he passes over by their 
bearings and distances taken from his scale. At C he 
ascertains the points to which the two roads lead and 
the distance of the nearest villages. He traces the 
roads on his sketch and records the name and dis- 
tances. He follows the path to the river, passing 
through the woods, and returns to the village, which 
enables him to fix the principal bend of the stream. 

From the village two men start, to make the at- 
tempt to cross the marsh and reach the ford. Being 
unable to succeed, they return and so report, and if 
the officer places confidence in their statements he 
marks the marsh impracticable ; if he has reason to 
distrust their report he examines it for himself, if he has 
time. From C the detachment returns to the bridge 
by the road, the officer detaches two men to make the 
circuit of the marsh, and, after crossing the ford, to 
return to A. He estimates by the eye the distance of 
the foot of the small hill and traces the curve on his 
sheet. 

He then makes the circuit of the small hill, follow- 
ing the foot of the slopes and the paths, then ascends it, 
where he obtains a good view of the form of the river 
8* 
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whicli he sketches. He then proceeds to the farm, 
meaatiring distances and plotting them, returning to 
the bridge by tlie path, which enables him to esaraine 
the ferry and to fix the mill on the river-bank. 

His whole fores is now united between the bridge 
and the hills, where it remains for an lioiir yet, while 
the officer, with a guide and a party of four or five 
men, visits the villages D and E. After the expiration 
of the hour his force returns to A and awaits the ar- 
rival of the officer, who sketches the woods, land, and 
Btream, as well as the directions of the roads whiuh set 
oat from D and £. 

If the day is not too nearly exhausted, and he 
is confident that the enemy will not interfere 
with him, be may leave his party at A, and, escorted 
by two or three of his best soldiers, proceed to the 
high ground on the right. From the chateau on the 
sugar-loaf hill he is able to see perfectly the whole 
course of tlie river, and can correct his sketch, if any 
correction is necessary. He follows along the ridge, 
up Ihe steep bluffs, sketching them, and puts in the 
contour lines of the mountain, after an inspection of 
the ground. He returns along the rivulet and the 
river, and measures the length of the dike. His re- 
cunnoissance is now terminated, and, upon his retom 
to camp, he finishes his sketch. 

This sketch, made in such a hurried manner, doubt- 
less contains lai^e errors, but it expresses what is 
most essential in a simple and clear manner, and the 
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general will be able to ascertain from it, ad well as from 
a more exact map, what it most concerns himto know. 

The sketch may be left in pencil, as made upon the 
ground, or traced in India or common ink. 

When the work can be divided among several offi- 
cers it is, of course, done more promptly. An officer 
of superior rank superintends the whole. He occu- 
pies himself chiefly in providing for the safety of his 
command and in studying the general form of the 
country. He stations himself on elevated points, from 
which he obtains a good view of the ground to be 
sketched and of that occupied by the enemy. 

The preceding remarks are General Dufour's, and 
are introduced because they expose, in detail, the mode 
of procedure in a particular case. The value of the 
sketch will depend very materially upon the circum- 
stance, that the positions of the villages are taken 
from a general map. They are, in fact, the primary 
points. If their positions are unknown, it would be 
much preferable to fix them by triangulation, using the 
distance from A to the bridge for a base. After con- 
structing by intersections the projections of the vil- 
lages, the old chateau, the country house, bridge, farm, 
and summit of the hill near the ferry, etc., the method 
given above might be advantageously followed. 

Dublin, January 5, 1846. 
Having been requested by the editors of the Aide- 
M^moire to give you a specimen of the sort of sketch 
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of a position required during tlie Peninsalar war, with 
an account of the mode of performing the work, the 
annexed, which I was required to malie by his Grace 
tlie Duke of Wellington, in Spain, is supplied accord- 
ingly, and the following is a statement of the circara- 
Btances under which that sketch was ordered, and the 
way I took to perform it : 

In 1812, when the French army, under Marshal 
Marmont, waa crossing the Tormes at Hucrta, above 
Salamanca, before the forts of that place were taken, 
the dtike, at that time standing on the high ground 
in front of Cabrerizoe, observing the enemy, desired 
me to cross the river, and see what sort of a position 
there was, in a certain assigned direction, for stopping 
the advance of the French, and to make a sketch of 
it as quickly as possible. 

Tiiere were about two miles to ride to the ford of 
station Sta, Marta, and perceiving at once that point 
would be the left of the position, on having crossed, I 
began at the point A. (Plate I.) 

A.— The lines of direction to B, C, D, E, F, G were 
first laid down, sketching in the river, the roads, the 
village, and particularly the church of S. Marta. 
These lines of direction were, in fact, so many anglea 
laid down and protracted on the sketch, but no in- 
Btrument was used, as there was no time; every thing 
was done by the eye. I did not dismount — and gal- 
loped from station to station. 

C. — Having finished at A, I went along the road 
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to Huerta (C), a farm of only two or three buildings, 
which was the only point to be seen in that direction 
from A. Judging then this distance galloped over, 
the line from the Church of S. Marta to C was as- 
sumed as a base. 

It was desirable that this part of the sketch to- 
wards Huerta should be done first, as the enemy's 
skirmishers were exchanging shots with ours between 
C and (M) Pelobraro when I reached that ground. 

C being fixed, the lines to H, I, J, K, L, M were laid 
off. The line H intersecting the line B, showed where 
the rivulet joined the Tormes. The line J intersect- 
ing A E, showed nearly where the steep fall of ground 
at J would come. The line L pointed out where the 
road to Calvarosa Abajo crossed the rivulet, and to 
that point, N, I went. 

N. — Here the angle between Santa Marta and C 
was laid off, which fixed it, and then, intersecting the 
lines I and K (taken from C), those two farms were 
fixed. The direction, O, of the stream was noted, and 
also the line to J was intersected ; also a fresh object, 
P, a remarkable tree, was taken, as it was along the 
crest of what would obviously be the position. 

Q. — ^The village, M, could not be seen ; I therefore 
went to the rising ground, Q, from whence it was visi- 
ble. At this point it was observable that I was in a 
line with the farm K and Senta Marta church. Tlien, 
assuming that line to be correct, the angle between 
Santa Marta and was laid down, which thus fixed 
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Q. The next augle was between C and M, by which 
the village, M, was fixed. 

P. — Proceeding from Q up the hill to P, the angle 
was taken, formed by N and Santa Marta, which fixed 
P. It waa also noticed that the line to the farm, I, 
passed to the right of the farm K, which observation 
helped to correct the sketch ; also it could be seen that 
the line to H passed over K. The direction J was 
nest taken, showing the fall of gronnd and the direc- 
tion of the road D. There were no other points tliiit 
could be fixed between D and the skirt of the wood, R. 

K. — I then galloped to the top of the hill, and 
placing myself in a line with the two farms, I and Ji, 
that line was assumed to be correct ; and then observ- 
ing the angles between K and Santa Harta, and K 
and C and K, and P— R was fixed. 

At R I could see over the trees the village of Calva- 
rosa Arriba, and also a chapel, called Herniita, on this 
side of it, the directions to which were taken ; also to 
the remarkable hill, S, and tlie abrupt slopes of the 
ground to the rear, U and V, 

A line was drawn to the fall or gap in the ground, 
T, taking great care that this, as well as those to S, 
to Calvarosa, and the chapel, were as correct as possi- 
ble in regard to the line from P, because the connec- 
tion of the right of the position rested on this point, 
and the accuracy of the winding up of the sketch 
would depend upon the accuracy with which those 
angles were taken. 
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T^ — ^Next to T, and a3 on reaching it it was clear that 
none of the points on the left of the position could be 
seen, except K, it became necessary that the distance 
from R to T should be judged as accurately as possi- 
ble ; which distance became a fresh base. At T, thus 
fixed, all the right could be seen, and the Hermita 
could be intersected as well as the ground to the rear 
( W, V, and E). The direction (X) of the smaller hill 
was taken, and the line over its summit, it was ob- 
served, passed to the abrupt right-hand slope of the 
ground W to the rear of the position. A farm also, in 
a hollow of some wood to the front, was also noted. 

X. — I then went to the smaller hill, intending to 
go to the top, but the rocks were so rugged that I 
could not ride up, and so, standing on a line between 
it and T, at X, that station was fixed by observing the 
direction to E and the Hermita. 

The line to Calvarosa from K was next intersected, 
which fixed that place. The direction to the houses, 
Z, was also laid down, and this place turned out to be 
the village of Arapiles, and the two remarkable hills 
were the celebrated hills of the same name. 

The line W being intersected gave the boundary of 
the grand Y; the farm in front observed from T could 
no longer be seen. Passing then down by the right 
and along the hollow by the two great hills, I went to 
the Hermita, and this point having been before fixed, 
from thence the direction of the further fall of the 
great hill S and the slopes of the hill on the further 
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Bide of the Calvaroaa valley were secured, ae well as 
tbe direction of the water-coorse above and below. I 
then passed down the valley,and wound up the sketch 
atO. 

Going back from thence to C, I proceeded along 
the main road to D and E, putting in, on judgment, 
the village of Carrajosa as well as the point F, where 
was a house, and where the great Salamanca road 
passed. 

I returned to Cabrerizos, findin;? the duke where I 
had left liini, and handed him the sketch, having been 
absent two hours and a half. I made a verbal report 
to his Grace, pointing out the high hill S, which we 
could plainly see from the spot where we stood, ob- 
serving that it was doubtful how far guns could be 
brought there, not having had time to ride thither. 

The duke gave me back the sketch to put it in ink, 
which I did, etc., etc. E. J. N. 

These examples are given not to be implicitly fol- 
lowed, bnt to show that it ie possible for one who is 
not a skilful draftsman to make a rapid sketch with- 
out inatruments, which shall represent clearly the 
important local features. They are instructive, too, aa 
they bring before the miud the difficulties which may 
3ncountered in an operation of this kind, and sug- 
gest the nature of the demands that may at any ^me 
be made on the faculties of an officer. 
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Rnlei for the Retolntloii of Plane Triangles. 

The remaining elements of a triangle may be found 
when three are known, provided one of them is a sida 
The following combinations may exist : 

1. Let two angles and one side be known, or two 
sides and the angle opposite one. Designating the 
angles A, B, C, and the opposite sides by a, 5, c. 

Sin. A : sin. B : sin. G : : a:i : c. (1) 

2. Knowing two sides a and 5 and included angle C. 

Tang, i (A-B) = Cotang. ^ C -^nA (2) 

This formula gives i difference of the angles ; their 
half sum is equal to 90°— J C. Add together the half 
sum and half difference, the result is A. Subtract 
the half difference from the half sum, the remainder 

is B : the third side results from formula (1). 

3. Given the three sides a, 5, c. 

Represent a+h+chj 2p. Tlieh, 

Sin A = ±^yjp(p-'a){p^l){p--c) (3) 
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Sin.* A = ±i/^E55E3 

^ ho 

Cos. i A = ±a / Pip-a) 

h c 



(5) . 



Tang. \ = +4/ (^-^)(i>-^) (6) 

Either of these formulas makes known the angles. 

Area of a triangle whose sides a, J, and c are 
known. 

Let p^ as before, represent \ (a+ J+c) and S the 
area. 

^= |/-P (/>-«) Cp-*) (/>-^)- 

If the triangle be right angled, a the base and A 
the altitude. Then, 
S = i (a A). 

Let A B C be a right angled 
^ triangle, B being the right 
angle. Then, 

Sin. A = -y- = cos. C. 



Cos. A = -^ = sin. 0. 






a 



Tang. A = — = cotang. 0. 
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Fig. 61. 



SeTcral Problem! Retolvable irith the Sextant. 

To find the distance of an accessible x. 
point from one that is inaccessible. To 
find A X, X being inaccessible. Erect 
A B perpendicular to A X ; find a point, 
C, where the angle, subtended by the 
distance A X, is 45**. Then the triangle 
being isosceles, A C= A X. If, on any account, it is 
impossible to measure A 0, draw C G perpendicular to 
C X, produce it to G where it intersects A X produced, 
then A G= A X. If A G cannot be measured, while 

If it is impossible either to measure, or to go but a 
very short distance either to the right, left, or rear : 

At A draw A B per- ^ 
pendicular to A X, and 
through B draw B C 

perpendicular to B X, ^'" 

^ ^ ' Fif.e2. 

measure carefully A B and A 0, then A X=:^*. 

A O 

A slight error in either A B or A will make a 
greater one in A X, but still the method may be use- 
ful, say, to determine the distance from a battery to a 
point on which it is to open fire. 

To draw a horizontal through a given point. 
Plant an inclined stake, B O, and from its summit 
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sugpend a plnmb bob. Set the sextant at 90°, and 
from O look towards the bob, and eend a man in tlie 




"", and 
n tlie I 



L 



rif. tB. 



reqnired direction with a level-staff, and let him move 
the vano till its middle lino ia seen on the bob, then 
M ia horizontal ; aiibtracting O A from M N, it fol- 
lows that P A ia also horizontal. 

To erect a perpendicular to 
a given line, A B at A, measnre 
from A in each direction on A B 
and its prolongation eqnal dis- 
"'*" " tances of a few feet, A h and A S'. 

Take a eord, longer than the sum of these distances, 
and fasten its extremities at i and J', seize it by the 
middle point, and draw it out, until the two branches 
C b and C b' are tense : C then ia a point of the re- 
quired perpendicular through A. 

To construct an angle of 60°, mark the cord off into 
three equal parts, join its extremitiefi, and fasten each 
of the points of division, and make of it an equilateral 
triangle. Each angle ia 60°, and .the angle which 
either side prolonged makes, with the one adjacent, 



ia 120°. 
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Having measured a base line, A 6, to find the posi- 
tion of C with a chain. From A measure A D and 
A E in the direc- p jj. 

tions given in / \ 



< »» 



the figure, meas- E q 

ure D E. From ^"^ ^ 

B measure the three distances B H, B G, and G H. 
On the paper lay down the line A B, according to 
the scale, and also A E and B G ; with A as a centre, 
and A D taken from the scale as a radius, describe an 
arc of a circumference ; with E as a centre and E D as 
a radius, describe an arc ; their intersection is the pro- 
jection of D. A similar process gives H in projection. 
Draw A D and produce it ; where it intersects B H 
produced is C. 



Trigonometrical Problems. 

To determine A B when B is not accessible, meas- 
ure the distance A C and the angles A and C, 180°— 

then: sum IS B. Then we have A B= AG -^^ — =0* To 

sm. 15 

obtain the angle A without a compass, lay off on A B 

any distance A J, and an equal distance A (? on A C, 

join i and c and measure it, then sin. A h sin. i A= 

A T% ' Reduce this fraction to its simplest form, and 
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go with it to the table of natural sines and Bnd the 
number of degrees corresponding to it. It' -T-p=4, 
then i A is equal to 24:", and A equal to i8°. 

J Again : Lay off on paper 

A C, according to any as- 
Binned scale. By any me- 
thod lay off A B and A C, 
malting the measored angles 
respectively with A C Their 
intersection gives B, and A B 
in yards may be taken from 
the scale. 
To find A S, prolong it to B ; makeB 
C equal to i C, and AC equal to Oa/ pro- 
' duce a b and X till they intersect in oj, 
then a x=A. X, 
^ With an instrument for measnring 
angles make AC=Cffl, and the angle 
C a x=a A X, draw C X and a x. 



Again : Produce A X to C, mak- 
ing A B— B C, and each equal to 
C h and b a. Draw C a, and pro- 
duce it ; draw C A, ffl X, and D, 
producing the latter to E ; draw 
A E and produce it to intersect C a 
then AX=o3;. 
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When the distance between two inac- 
cessible points, X and Y, is required, de- 
termine A X and A T by one of the pre- 
ceding methods, and lay off on these lines 
respectively distances equal to Ya of their 
lengths, then. Fig. 69, x y—^U X Y ; or 
lay off on their prolongations distances ^* ^' 
equal to A X and A Y respectively, then x y =X Y. 
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1.01246 




5G671 
30551 
18530 
39245 
75877 


SI 

S3 
82 
81 
BO 




0.190S1 
0.20791 
0.2249B 
0.24192 
0.26832 








98163 
97816 
97437 
97030 
96593 














19439 
21256 
23087 
24933 
26795 


3 


14455 
70463 
33143 
01078 
73205 


1.03234 
1.02630 
1.030G1 
1.03528 




24084 
80973 
44541 
I33G6 
86370 


18 
77 
76 
76 




0. 27664 
0.29237 
0.30902 
0.32Sa7 
0.34202 









96136 
95630 
95106 
94552 
93969 


2B6T6 
30673 
32492 

36397 


3 
3 
3 
3 


48741 
27085 
07768 


1.04030 
1.04569 

1.05762 
1.06413 




62796 
42030 

23607 

92380 


74 
73 
73 
71 
70 




0,35837 
0.31461 
0.39073 
0.40674 
0.42262 








93358 
92718 
92050 
91365 
90631 








36386 
40403 
42447 
44533 
16631 


2 

2 
3 
2 
2 


60509 
47509 
35585 
24604 
14451 


1.07H4 
1.07353 
1.08636 
1-09464 




79043 
66947 
55930 
4BS50 


68 
67 

65 










D^ 


Owlnu. 


BiiiH. 


Cotugenta 


TsDiieDta. 


C«i»ut<. 


«*-* 


!>««. 
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TABU or KATUSAL SIHI8, vrc.-~{c(mtmued). 



Beg. 
26 


Sines. 


Cosines. 


Tangents. 




Secants. 


Cosecants. 


Beg. 
64 


0.43837 


0.89879 


0.48773 


2.05030 


1.11260 


2.28177 


27 


0.45399 


0.89101 


0.50952 


1.96261 


1.12233 


2.20269 


63 


28 


0.46947 


0.88295 


0.53171 


1.88073 


1.13257 


2.13005 


62 


29 


0.48481 


0.87462 


0.55431 


1.80405 


1.14335 


2.06266 


61 


30 
31 


0.50000 


0.86603 


0.57735 


1.73205 


1.15470 


2.00000 


60 
59 


0.51504 


0.85717 


0.60086 


1.66428 


1.16663 


1.94160 


32 


0.52922 


0.84805 


0.62487 


1.60033 


1.17918 


1.88708 


58 


33 


0.54464 


0.83867 


0.64941 


1.53986 


1.19236 


1.83608 


67 


34 


0.55919 


0.82904 


0.67451 


1.48256 


1.20622 


1.78829 


56 


35 

36 


0.57358 


0.81915 


0.70021 


1.42815 


1.22077 


1.74345 


55 
54 


0.58778 


0.80902 


0.72654 


1.37638 


1 . 23607 


1.70130 


37 


0.60181 


0.79863 


0.75355 


1.32704 


1.25214 


1.66164 


53 


38 


0.61566 


0.78801 


0.78129 


1.27994 


1.26902 


1.62427 


52 


39 


0.62932 


0.77715 


0.80978 


1.23490 


1.28676 


1.58902 


51 


40 


0.64279 


0.76604 


0.83918 


1.19175 


1.30541 


1.55572 


50 
49 


41 


0.65606 


0.75471 


0.86929 


1.15037 


1 .'32501 


1.52425 


42 


0.66913 


0.74314 


0.90040 


1.11061 


1.34563 


1.49448 


48 


43 


0.68200 


0.73135 


0.93251 


1.07237 


1.36733 


1.46628 


47 


44 


0.69466 


0.71934 


0.96569 


1.03553 


1.39016 


1.43956 


46 


45 

Beg. 


0.70711 


0.^0711 


1.00000 


1.00000 


1.41421 


1.41421 


45 
Beg. 


Cosines. 


Sines. 


Cotangents 


Tangents 


Cosecants. 


Secants. 



These elements are calculated for radios = 1. For any other radios, multiply 
the tabulated element by the radius. To take out the sine of 24% find 24 in the left 
column, and look in the column hauled Sines opposite to 24°. Thus it is 0.40674. 
The sine of 60* is 0.86608. Find 60 in the right-hand column, run along the hori- 
zontal line to the column /ooUd Sines, and headed Cosines, and find the proper 
nnmb^. 

An element corresponding to any number of degrees and a fraction, is approxi- 
mately found from proportion, using the next prerious and succeeding whole 
degree. Thus the tangent for 10* 25^. The tangent for 10" is 0.17688; for 11*, is 
0.19488. The proportion is 60^ : 25^ as 19488 — 17688 is to the number which added 
to 0il7688 gives the tangent required. 



D. VAN NOrrHAND's FUBUCATIONS. 



OcoTT's Military Dictionary. 

Comprising Technical Definitions; Information on Raising and 
Keeping Troops ; Actual service, including makeshifts and im- 
proved materiel, and Law, Government, Regulation, and Admin- 
istration relating to Land Forces. By Colonel H. L. Scott, 
Inspector-General U. S. A. i vol., large octavo, folly illustra- 
ted, half morocco, $6; Half russia, $7.50 ; Full morocco, $9. 

. " It is a complete EtK^cIopndiA of Military Sdenoe, and taX\j explains every thing dis- 
ooTered in the art of war np to the present time.^ — PhUadelpMa Eow4ng BuUeUn. 

*^ We cannot speak too mnch in legitimate praise of this work.^ — Ifaiianal InUUig&n- 
eer. 

"■ It should be made a text-book for the stady of every volonteer.^ — Harper''* Mag 
OMine. 

"We cordially commend it to public favor.** — Washington Globe. 

"This comprehensive and skilftdly prepared work supplies a want that has long bee) 
felt, and will be peculiarly valuable at this time as a book of reference." — Boston Cfommer 
cialBuUeHn. 

"The Military Dictionary is splendidly got up in every way, and reflects credit on th 
publisher. The officers of every company in the service should possess it" — JIT. Y. Tablet 

"The work is more properly a Military Eni^clopsedia, and is proftisely illustrated wit) 
engravings. It appears to contiUn every thing that can be wanted in the shape of informa- 
tion by officers of all grades." — Philadelphia North American, 

"This book is really an EncyclopsBdia, both elementary and technical, and as such occu- 
pies a gap in military literature which has long been most inconveniently vacant This 
book meets a present popular want, and will be secured not only by those embarking in 
the profession but by a great number of civilians, who are determined to follow the de- 
scriptions and to understand the philosophy of the various movements of the campaign. 
Indeed, no tolerably good library would be complete without the work." — yew York 
Times, 

"The work has evidently been compiled firom a oareftil consultation of the best author 
ities, enriched with the results of the experience and personal knowledge of the author.**— 
K. Y. J)aay Tribune, 

"Works like the present are invaluable. The officers of our Volunteer service would 
all do well to possess themselves of the volume." — N, Y, Berald. 

"It is a book to be referred to on the spur of the moment, to be consulted at leisure, and 
to be read with deliberation. It reflects honor on the military service of the United States, 
and gives new glory to one of the noblest of the names connected with that service."— 
Boston Traveller, 



i^avalry; its hlstory, management. and 
Uses in War. 
jr J. RoEUER.LL. D., lalean Ofiicerof Cavalry in the Service of the 
Netherlands. Ek'gantly illuscraied, with one hundred and Cwemy- 
Bcven fine Woiid Engravingi. In one large octavo volume, 
beautif Lilly printed on tinted paper. Price S5.00. 
SuMUAKV OF Contents, — Cavalry in European Armies; Proportion 

I of Cavalr/ to Infantry ; What kind of Cavalry desirable ; Cavaby 
Indispensable in War ; Strategy and Tactics ; Organization of 
anArmy ; Route Marches; Rifled Fire-Arms; The Charge; 
The Attack; Cavalry versus Cavalry; Cavalry versus Infantry; 
Cavalry versus Artillery; Field Service; Different Objects of 
Cavalry; Historical Sketches of Cavalry among the early 
Greeks, the Romans, the Middle Ages; DiSerenl kinds of Modem 
Cavalry; Soldiers and Officers ; Various systems of Training of 
Cavalry Horses; Remounting; Shoeing; Veterinary Surgeons, 
Saddlery, etc, etc. 

■I sm ex(ueding1j p1«uud vllh It, irnl regard It aa 11 rciy Tdosble idiiltloB to our 
tnlUUuy UtontDn, It will oertaiDly ba regojilcdDe a staaflard vorit, aod I knutr uf naiw 
ft vaLoaLlfl 10 ituT cavalry oFHcor^ ILb nat-falnGm, havevur, 1b nut oonflDed tu vBixm of 
uTiJrj'Blunii.l.uUt ooalnlDsagreatdiMl of genMBl Infurmatldn yalnablo to offleuraof U18 

B' 'har arme of acrvloe. eipeclally IboH of the StsS. 
'Wllh tljE hope that It nur 9nil u lugB circulation la our ormJes, I un, T«r7 tmlj^unn 
"Gbo. 3k MoCLiLLiir, M^-Gen. U.S.A." 
Hie B« of WIT aa turn Ibis."— J-Aiiu. P/'cm. 

"SaiKDiig. cDlluTtt, ani pmetleil oiperieacB anltud, glsB this vari. t, Tiluc and lupor- 
Uinoa tliac will caaae It to bo roganJed oi a standard outliorlty.^' — ^(urdatf SoA OOHtU. 
"By far tbu Iwet trantlae DpnD Cavalrj' and iU Dwa In tbe Suld, vhlcli has yet bwD 
[inbllBhtdlu thl3coantiT.forthegciiBralUMafotGccniofallnDk9.ls this elaborate ud 
lutcruallng norli. Ki«hew!og tba olemenlv]' prli)clple> and tacHoB of cavalry, whldi nor 
lie Ivarnod IVom aiiy hand-book, tba author treala of the uwa of catalrf In tho Aold. of 
ilratfgyand uctlca. and of its gonenl discipline and managcmcDt Tbe nngu of tbs irork 
includes ao adminttle treatise apon riflcl llru-ara)9.B blslerlco! sketch of cacBlry, embod- 
llng man)' InteroaliiiB fiicts. anaecoiuitof tha cavahy serrlco In Earojieaod Ihli connny 
and n treatlM' irn horses, tbblr equip mont, luaisageuieiLt, to. Tha work la CDpluusly III1I6- 
trMedand ulc;i:aiitl)' girlnUd. It IslnUmtlng not alone Uimllltjirr tnen but 10 Ibeecfl- 
tnl tiader. nho vlll gein ttvni Its psgea yalnable historical ^ta and very doiF Idcii sf 
Home bnmcliea cf thi' artuf war, Eoi'baatlie euiplnymcnt of epics, gaining InCmuitiDn Inn 
iy's conntry, advance movtmentsand olberstralo^col mfmcuvreL—JiSEVfu^L •A^um^'h*' 



^wam] 



D. VAN NOSTRANd's PUBUCATIONS. 



B 



en£t's Military Law. 



A Treatise on Military Law and the Practice of Courts-Martial, by 
Capt. S. V. BENJh', Ordnance Department, U. S. A., late As-^ 
sistant Professor of Ethics, Law, Sec, Military Academy, West 
Point. 1 vol., 8 vo, law sheep. ^3.50.* 

** This book is manifestly well timed Jnst at this particiilar period, and It is, without 
doabt, qolte as happily adapted to the purpose for which it was written. It is arranged 
with admirable method, and written with such perspicuity and in a style so easy and grace- 
ful, as to engage the attention of every reader who may be so fortunate as to open its pages* 
This treatise wiU make a valuable addition to the library of the lawyer or the civilian ; 
while to the military man it seems to be indispensable.''' — PhiladelpMa livening JbumaL 

^ Oaptain Ben6t presents the army with a complete compilation of the precedents and 
decisions of rare value which have accumulated since the creation of the office of Judgo- 
Advocate, thoroughly digested and judiciously arranged, with an index of the most minute 
accuracy. Military Law and Courts-Martial are treated f^om the composition of the latter 
to the Finding and Sentence, with the Kevisiun and Execution of the same, all set forth in 
s clear, exhaustive style that is a cardinal excellence in every work of legal reference. That 
portion of the work devoted to Evidence is especially good. In ikct, the whole performance 
entitles the author to the thanks of the entire army, not a leading officer of which should 
ihll to supply himself at once with so serviceable a guide to the intricacies of legal military 
government — JV; Y. Times. 

** This volume has been carefully prepared by the author In order to present in a col 
lected form, the able decisions issued from the War Department since the establishment 
of the office of Judge- Advocate of the Army, and the opinions given by the Attomeys- 
€k;neral on points requiring legal interpretation. It is full of information for military men, 
founded on the authority of these decisions and opinions, and is a valua'ble contribntion 
to the science of military law." — Providence Jowmal. 

Judgk-Adtooatb Genkeal's Ofpicb, ) 
October 18, 1862. f 

* * * So far as I have been enabled to examine this volume, it seems to me carefblly 
and accurately prepared, and I am satisfied that you have rendered an acceptable senrioe to 
the army and the country by its publication at this moment. In consequence of the 
gigantic proi>ortions so suddenly assumed by the military operations of the Government, 
there have been necessarily called into the field, A-om civil life, » vast number of officers, 
unacquainted from their previous studies and pursuits, both with the principles of mili- 
tary law and with the course of Judicial proceedings under it To all such, this treatise 
will prove an easily accessible storehouse of knowledge, which it is equally the duty of the 
soldier in command to acquire, as it-is to leam to draw his sword against the common 
enemy. The military spirit of our people now being thoroughly aroused, added to a 
growing conviction that in ftitnre we may have4o depend quite as much upon the bayonet 
AS upon the ballot-box for the preservation of our institutions, cannot Ml to secure to 
this work an extended and earnest appreciation. In bringing the results of logislatlon and 
<^f decisions upon the questions down to so recent a period, the author bos added greatly 
to the interest and usefulness of the volume. Very respectftiUy, 

Your obedient servant, J. HOLT. 
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LEMENTS OF MILITARY ART AND HiSTORY. 



By Edward de la Barre Duparcb. Chef de Bataillon of Engjnects in 
the Army of France; and Professor of the Military Art in the 
Imperiai School of St. Cyr. Translated by Brig-Gen. Geo. W. 
CuLLUM, U. S. A., Chief of the Staff of Major-Gcn. H. W. Hal- 
LECK, General-in-Chief U. S. Army, i vol., octavo, cloth. t\, 

"I rtod tliD original B R^v yfon eIdco, and caoililered It the reiy bfst wort t hid Hen 
upon <ho aul^ecl. Gso. CuUuid'i tblUly sod Dunllisritj vlth the techolcil lugnagg at 

H. W. n AI.l.v nK, Majdr 
"I hnvi! rend tho bwk witb grent Intrnut, and tmet thnl H will have i 
It cafinut tbil lo do goud bf apreodiiig that «prj knowledgi^, the tfuit nf wblch uoong tmr 
new, Inuiperlenced. vid unlaDght MldlerB, hpa cuBt 113 w qiod^ Uvds, niitl bo mndi Ml 
and trctSQTfl.*' 

U. C. MEIGS,Qii>rlfmutter-ODticnd. U.S. A. 
■■I luiTO acofOli)' raid moit o( Oenenii Cullum'i tiMislaaoa ot H. liairo Dnpiueq'i 
■ElemFnUof KlUtarjArt ind HlBlorr.' It la 11 plsln, cinciH work, weU eulted lo Mr 
Eerrica. Our Tolanteera pboold nwd and studf IL I wifih It could bo widely clrcnllUd 
JUunng onrafflcien. It wuuld glva [hem a cimpreben^Te knowledge of the dlflersol innt 
of the aervloe. uid Invite further I DTeslIgilion Intn the prnft«tfa>D of arms which theyhnTS 
■dupted. A curcrql stud; of such workg will inilio onr officers learned and akilflil, uwell 
at visu and sucoeaaful; aod they have ample tlniB, while thL'y are cmupalgniii^, to ImpniTB 
themeelToa In tills regard." 

B. H. CURTIS, Miijor-Qen. U- 8. A. 

**BarTC DnpBrcil Tfl oTie of the meet favorabL^khoWD among reeont military wrllos Id 
Fmnoe. If not the verj heat, Ihia la eertilni^ among the bestnf the nami'roua toIdbih 

Intellljeat, hut ontralnrt dfflooni. It would work 1 tnuiBlhrmnlloB lupremoiy necdtlL 
We can aaj. that no ofdcer can read this wot^ without po^tlre advantagB, and ml pro- 
greaa as a soldier. Geo. Cullum 1> well known as one ot the most proflolrnt studenu of 
military aqlenee and art In our serrloe. and la amply quallfled lo prepare an original lot- 
book on this subject."— -l«(Mi«« MmOily. 

"That (Isn. Calioni, Chief nretaCr to (ha Commanding Goueral. should have ehoiOD iD 
Iran^lole and edit hiawork, rather than to prepare an original one hlmseU^ gives tba 
lilghestpnit^eslonal testimony to its Talue, The workeuntalniaHlelaryofthe AnutWaTi 



IB been adoph-d; and treats In detail of tho several ar 



fully till 



«t clTcctiie manner of employing Ihora for offensiToand dofeoslvi- porpoaot Itta J 

lustrBlsd with diagnuns. displaying to Uie eye the fomiallone and eTolutlnns whidi Q 

100 In ancleoL and modern armies. Tbongh the book le eajieelally designed for tba ^ 

tloD of ulBcera and sotdien, the non-prufossloual reader cannot (Ul la pereelTe tba ^k 

iBoflta atatements nod the prsddon of lt> detloltlODB.'''— ^i»3>ar«' JTrnMUy. 4 
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ENTON's Ordnance and Gunnery. 



A Course of Instruction in Ordnance and Gunnery ; compiled for 
the use of the Cadets of the United States Military Academy, 
by Capt. J. G. Benton, Ordnance Department, late Instructor 
of Ordnance and Gunnery, Military Academy, West Point. 
Principal Assistant to Chief of Ordnance, U. S. A. Second 
Edition, revised and enlarged, i voL^ 8vo, half morocco, cuts. 
$5 oo. 



** We cannot commend this work too highly, both for the rabstance it contains, and the 
highly finished manner in which it has been issued by the publisher. There is no <me 
book within the range of oar military reading and stndy, that contains more to recommend 
it upon the subject of which it treats. It is as ftill and complete as the narrow comiMSS 
of a single yolume would admit, and the reputation of the author as a scientific and prac- 
tical artillerist is a sufficient guarantee fbr the correctness of his statements and dedne- 
tions, and the thoroughness of his labors.**—^ Y. Obeerver. 

**The present edition is the second one, and is revised and enlarged, being rendered al- 
together invaluable, not only to the student, but as a standard book of reference <m the 
Bubject of which it treats. Apart fh>m its great merits as a treatise, it is as respects bind- 
ing and printing, a truly splendid vrorkJ^—LotiiwiUe JowndL * 

** A Orkat Miutabt Work. — ^We have before ns a bound volnme of nearly six hondred 
pages, whinh is a complete and exhaustive * Course of Instruction in Ordnance and Qun- 
nery,* as its title states, and goes into every department of the science, including gunpow- 
der, xnx>jectiles, cannon, carriages, machines, and implements, small arms, pyrotechny, 
science of gunnery, loading, pointing, and discharging fire-arms, diflferent kinds of fires, ef- 
fects of prciJectiles and employment of artillery. These severally form chapter heads and 
give thorough information on the subjects on which they treat The most valuable and 
Interesting information on all the above topics, including the history, mann&cture, and 
use of small arms is here concentrated in compact and convenient form, making a woik ci 
rare merit and standard excellence. The work is abundantiy and clearly illastrated." — 
Boston Jhavdler, 

K 

**This work is designed for a standard work, not only for the soldier and the sailor, or as 
a fxide mecumtor reference on the quarter-deck and in the officer's tent, but fh>m its plain 
and forcible diction and fkmiliar illustrations, must interest the general reader in the na- 
ture and effects of 16-inch Golumbiads, and all kinds of artillery, down to a signal rodcet 
All who desire a work of reference upon the subject at large, will find this book a useftil 
and interesting informant"— Clft^oa^ Journal 



I 



I 
I 



I HE Artillerist's Manual : 

Compiled from various Sources, and adapted to the Service of the j 
United States. Profiiseiy illustrated with woodcuts and engtav I 
ings on stone. Second edition, revised and corrected, widi J 
viduable additions. By Gen. John Gibbon, U. S. Army. I 1 
vol., 8vo, half roan. *;. 
Tills book it nnw oonsHerod Uie itandird anthorlly for thit particnlur himeh rf tbt 
Sariioe La the DiiltiKl SUii» inay. Tlut Wnc Deputnu^nt, st WsalilD^Coii, bat eiUblM 
B« IhoroaglmpiiroclaClon of tho morils of this toIiubb, the wnntofwhioli has beonklliB- , 
to miuh hit Id tha serdce. bj anbHriblng for TOO copies. j 

"It la with great iileiiinre that WD wolcomB the uppeiinuice of a neir worii oa Uitinl)- ] 
]M!t,Biitlttud'Th9 ArtLIIerL«'BMiiiiiul.<b70apt. JahoOIbboii.iLhishlrsotentmoasdmai' | 
ttorloOB olflear at nrtlllcrr In our re^lir sarrlce. Ths work, an uclaio loliime at m | 
pi^ei, In larga, cleir Ij-pn, ippeors to bo well BdapteiJ to aapplj Jnst whul hss baan henl^ 

thnu of the Mleaoe of giumerr. The whole work It proftuelj Uliuiiatod irtth wwdcoti , 
and angnTliigi an None, tending to give a mors complete and exact l<l»i of the Tadn I 
maltera dauribed In the ten. The book lanj wall ba con^dered as a taluobla and Inifa 
tant addition to thenilUtary aclancea/ th« cuuDlrf."— Jfem Tarh Herald. 

IJand-Book of Artillery, 

For the Service of the United States Army and Militia, New, O 

vised, »nd greatly enlarged edition. By Maj. Joseph Ronnv 

U. S. A. I vol., i8mo, cloth. '■ 

"A complele catochiani of gqq pracOoc, eOYcring Ihe wholo gronnd of tlila bnnckif 

mllltarj aotBBca, and adapted to lollltLi and volonlear drill, as well as UJlhe reguhtf irnj. 

tha nualleat npenUlnna conneuteil with Ita obb can be beet porfonacd. It hu aiirieall; 
been prtjparad WIEh gfa&t CAnJS and wltb alrlet Bolentlflcr aueurncj. Bj* the mcommeiidk- 
Don of a iwmuillloe appointed by the cammandln; nincer of the ArMllary Schwl u Ttn 

■which hu herolofore been the t?it-boot ot 

Tha following ia an oxtraet ffom a Beport mode bj the oommltlaa appointed at a nmt 
Ing of the Btair of the ArUllery Bohool M Tart Uooroe. Ta., t 
ofBoar of the School had rflferred this work : 

Hleotloti of the BQTeml qnostlons and antwere have baon Jud 
which ni»J bo advaBtagoously tuod for rt&renoe by tha oflirera, 
W the lojtraotloii of non-oommlsiloned offloora and prlvntca of ArtUleiy. 

plana of 'Biin»' Qneotlons and Aoswera on Artllhjry.'" 

(Slgnrf,) L VOflDES, Capl,\sl AHiUery. 

(BIgaed,) E. O. Q ORD. Capt M ArtlOay. 

(Signed,) J. A. HA8K1N, Bri. Maj. aitd OOfit. MAHOfti 
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A UTHORizED U. S. Infantry Tactics. 

For the Instruction, Exercise, and Manoeuvres of the Soldier, a Com« 
pany. Line of Skirmishers, Battalion, Brigade, or Corps d'Armee. 
By Brig. -Gen. Silas Casey, U. S. A. 3 vols., 24mo. Cloth, 
lithographed plates. $2.50. 

Vol. I. — ^School of the Soldier ; School of the Company ; Instruc- 
tion for Skirmishers. 

Vol. II. — School of the Battalion. 

Vol. III. — Evolutions of a Brigade; Evolutions of a Corps d'Arm^e. 

Tho manuBcript of this new system of Infimby Tactics was carefully examined by Gen- 
eral McClellan, and met with his unqnalifled approyal, which he has since manifested by 
aathorizing General Caskt to adopt it for his entire division. The author has retained 
mach that is valuable contained in the systems of Scott and Habdse, but has made many 
important changes and additions which experience and the exigencies of the service re- 
quire. General Ga8et''8 reputation as an accomplished soldier and skilful tactician is a 
goarantco that the work he has undertaken has been thoroughly performed. 

** These volumes are based on the French ardonncmces of 1881 and 1845 for the manoen- 
Tres of heavy Infantry and chaesetirs d pied: both of these systems have been in use in 
our service fbr some years, the former having been translated by Gen. Scott, aiid the latter 
by Col. Hardee. After the introduction of the latter drill in our service, in connection 
with Gen. Scott^s Tacticsi, there arose the necessity of a nniform system for the mapoeu- 
Tres of all the infantry arm of the service. These volumes are the result of the aatbor's 
endeavor to communicate the instruction, now used and adopted io the army, to achieve 
this result" — Boston Journal 

^ Based on the best precedents, adapted to the novel requirements of the art of war, and 
very taW in its instructions, Casey^s Tactics will be received as the most useful and most 
comprehensive work of its kind in our language. From the drill and discipline of the in 
dividual soldier, or through all the various combinations, to the manoeuvres of a brigade 
and the evolutions of a Corps D^Arm^e, the student is advanced by a clear method and 
gteady progress. Numerous cuts, plans, and diagrams illustrate positions and movements, 
and demonstrate to the eye the exact working out of the individual position, brigading, or- 
der of battle, &c., &c. The work is a model of publishing success, being in three neat 
pocket volumes."— iTwo Yorker. 

"War DxPAsnnEKT, Washingtok, Augttst 11, 1868. 

The System of In&ntry Tactics prepared by Brig.-Gen. Silas Casey, U. S. A., having 
been approved by the President, is adopted for the instruction of the Infiantry of the Ar- 
mies of the United States, whether Begolar, Volunteer, or Militia, with the following modi 
ficatfons, viz. : 

Firsts That portion which reqnires that two comiuinies shall be permanently detached 
from the battalion as skirmishers, will be suspended. 

Second^ In Title First, Article First, the following will be substituted for Faragrapli ft, 
Tlx.: 

^ A regiment is composed of ten companies, which will be habitually posted from right 
to left in the following order; first, sixth, fourth, ninth, third, eighth, fifth, tenth, seventh, 
Mcood, according to the rank of Captain." £DWIN M. STANTON, 

Seeretar-y <]f Wvr, 
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PUBLIC ATIOKt. 

RMY Officers' Pocket Companion. 



cipatly designed for Staff Officers in the Field. Partly trsmslalcd 
from the French of M, de Rouvbe, LieuCenant-Coloncl of tic 
French Staff Corps, with Additions from standard Amcricin, 
French, and English Authorities. By Wm. P. Craichill, Firsi 
lieutenant U. S. Corps of Enpneen, Assist. Prof, of Engineer- 
ing at the U. S. Military Academy, West Point, i vol., iSmo, 
full roan. $i ;o. 
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A/Tanual for Engineer Troops. 

Consisting of " 

Part I. Ponton Drill. J 

II. Practical Operations of a Siege. I 

III. School of the Sap. % 

IV. Military Mining. ' 
V. Constmcdon of Batteries. 

By Major J. C, Doane, Corps of Engineers, U. S. Anny. 1 vd^ 
iimo, half morocec, with plates. $2. j 

" 1 have cnrefully ainmioorl Copi, J, C. Dunnu'a ' Mannol for Enginnr TVoopa.'snd do sot | 

hoaltUiiIoproDuunecK the icrj Wei Kiirk on tfae subject of whicb It treati,' I 

II. W. Hallhoi, MejoT-Oene™!. U. 8. A. I 

"A work or thli kind b» been mnrh nrviei In oormillUry Uleratare. Fur lbs arayll 

MkB,Ibupe thebook<<iUhiTe>iddeeln:aliit<eiiiunon^ltsaffi»rs.~ I 

Q. B. acCntm, HAJor-QeDiinl, U. S. A. 
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lELE's Hand-book. 



Hand-Book for Active Service, containing Practical Instmctiont ia 
Campaign Duties. For the use of Volunteers. Bv Br^-Gen. 
EcBikT L. ViELE. U. S. A. limo, cloth. *J. 
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D. VAN NOSTRAND's PUBLICATIONS. 
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HE Automaton Regiment; or, Infan- 
TRY Soldiers' Practical Instructor. 



For all Regimental Movements in the Field. By G. Douglas Brewer- 
ton, U. S. Army. Nearly put up in boxes, price $i ; when 
sent by mail, $i. 40. 

The ** Automaton Begiment*^ is a simple combination of blocks and coonters, so 
arranged and designated by a careftilly considered contrast of colors, that It supplies thu 
atadent with a perfect miniature regiment, in which the position in the battalion of each 
company, and of every officer and man in each division, com^iany, platoon, and section, is 
clearly indicated. It supplies the studious soldier with the means whereby he can con- 
sult his " tactics,^ and at the same time join practice to theory by manoeuvring a mimic 
regiment. 

HeAD-QUABTXSS, MniTABT GoyBBNOX, ) 

Department of the South, V 

Beaufort, South Carolina, Oct. 21st, 1862. ) 

I hereby certify that I have examined the ^Automaton Regiment,^ invented by G 
Douglas Brewerton, late of the U. S. Begular Army, and now serving as a Volunteer Aidi 
upon my military staff, and believe that his invention will prove a usefiil and valnabU 
assistant to eyery student of military tactics. I take pleasure in recommending it accord- 
ingly. E. BAXTON, 

Br^.-General VolwU^ers. 
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HE Automaton Company ; or. Infan- 
try Soldiers' Practical Instructor. 



For all Company Movements in the Field. By G. Douglas Brewer- 
ton, U. S. A. Price in boxes, $1.25 ; when sent by mail, $1.95. 
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HE Automaton Battery ; or, Artil 
LERisTS' Practical . Instructor. 



For all Mounted Artillery Manoeuvres in the Field. By G. Douglas 
Brewerton, U. S. A. Price in boxes, $1 ; when sent b> 
mail, %i, 40. 



Q YSTEMS OF Military Bridges, 

!n Use by the United States Army; those adopted by the Great Ett* 
ropean Powers ; and sach as are employed in British India. With 
Directions for the Preservation, Destruction, and Re-establish- 

kment of Bridges, By Brig. -General Georcb W. Cullum, Lieut- 
Col. Corps of EngineerB, United States Army. I vol., octavo. 
With numerous Illustrations. $3.50. 



ii'isUuui Hie poBsaKS of sluge rlvir In thi> presanoi oTsbold nnd uctlvii cnomy. Va 

"I rnmygrmlrtyorf, cannot bo nvur-SBtl mated. Waliave no inon mure coiopetootto piv- 
{hiniioli n wuTi thon Biigidier-Osneral Cullum, who hwl tba iduion eicln^ve uiiMrvl- 
aj<m, doFlflln;, banding, ^d preparing fbr aarvlco of tbe vuioua brld^e-trtdna soitl tn 0111 
nnolsB In Mb^co dnrin; oof wit witli Uiut Goimtt7. The treatlH heCire us Is reiy rxd- 
{.lets, BDil hns evidently b«en prepared with KrapDlonB cnre. The dwerlptlane of Ilia 
' irioUB sysl*ms of mllltmr hridBOS adopted bj neorl)' all oftflbted nalluns ara vprt inle. 
n.^Qngofen to the non-prufuulLMiaT reader, and In thou BpeoiallytQtemHteflio AoehaubjceU 
lonWbe vM-rlnstnictlye, for thoy are evidently the wuA of a maater of Iho art of inilllaij 
l-.idge-bulldlng." — Wathtnglua OAroitiiii. 
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ilitarv and political life of the 
Emperor Napoleon. 

By Bakoh Jomini, General-in-Chief and Aide-de-camp to the Emperor 
of Russia, Translated from the French, with notes, by H, W, 
Halleck, LL. D., Major-General U. S. Army. 4 vols., RoyuJ 
octavo. Fully Illustrated by Maps and Plans. In press 
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elafield's Report. 



Report on the Art of War in Europe in l8;4, lB55,and 1856. By 
Col. R. DtLAFtELU, Corps of Engineera U. S. A. l vol. Mo, , 
^ cloth. With maps and views. *;• 



D. VAN NOSTRAND's PUBUCATIONS. 
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VOLUTIONS OF FlELD BaTTERIES OF Ar- "* 
TILLERY. 



Translated from the French, and arranged for the Army and Militia 
of the United States. By Gen. Robert Anderson, U. S. A. 
Published by order of the War Department, i vol., cloth, 32 
plates. $1. 

Wab Dbpastmbivt, Nov, 2(2, 1859. 

The System of *' Evolatlons of Field Batteries,^* translated from the French, and arrang- 
ed for the service of the United States, by Mi^or Bobert Anderson, of the 1st Regiment of 
ArtiUery, having been api^roved by the President, is published for the information and gov- 
onment of ih» army. 

All Evolutions of Field Batteries not embraced in this system are prohibited, and those 

herein prescribed will be strictly observed. 

J. B. FLOYD. Secretary <f War, 

^This system having been adopted by the War Department, is to the artillerist what 
Hardee's Tactics is to the infkntry soldier; the want of a work like this has been seriously 
iidlt, and will be eagerly welcomed.^— ZotMrvi^^a JouriuU, 



S 



TANDiNG Orders of the Seventh Regi- 
ment, National Guard. 

For the Regulation and Government of the Regiment in the Field 
or in Quarters. By A. Duryee, Colonel. New Edition, flex- 
ible cloth. 40 cents. 

**Thls, which is a new edition of a popular work, cannot fail to be eagerly sought after 
as presenting clearly and succinctly the principles of organization and discipline of a most 
&vorite corps. An appropriate index fiudlitates reference to the matter of the volume.^* — 
New Yorker. 
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iGHT Infantry Company and Skirmish 
Drill. 



The Company Drill of the Infiintry of the line, together with the 
Skirmish Drill of the Company and Battalion, after the method 
of General Le Louterel. Bayonet Fencing ; with a Supple- 
ment on the Handling and Service of Light Infantry. By J. 
Monroe, Colonel 2 2d Regiment, N. G., N- Y. S. M., former- 
ly Captain U. S. Infantry. 1 vol., 32mo. 60 cents. 
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ANUAL OF Instructions for Militarv 
Surgeons, 



I 



1 the Examination of Recruits and Discbarge of Soldiers. With an 
Appendix containing the Official R^ulations of the Provost Mar- 
ahai General's Bureau, and those for the formation of the Invalid 
Corps, Sec, &c. Prepred at the request of the United States 
Sanitary Commission. 3y John OnDftONArx, M. D., Professor 
of Medical Jurisprudence in Columbia College, New York, 
Timo. Halfmorocco, Si. 50. 
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"ThonuUiar haaamwn hlsnuterials fmm llie beat wjTedltad sources nf IntcpiTiuilIoll 
■mil tlie hlghsst nulboritks In lioth homlBphiTea. lie telecu FraooB nnd PniBaEB, « the 
IBprtseplMiye milllnr)- nntiuna of Enropi.', and be has niloptud ss citauly u posajblo Ihslt 

thalirm ot bd Appendix, he bm einboiltiid the (!ade of Inatraotiuns relaUogta the U.S. 
Armf . Bdpptfd bf Ibu Boiird ot Hedioil OBtrcrA, ainveneil nt Wnehln^n for that porjioie, 
on the 161h of April, ISGS, to which ue alsu ailded the Begubtlods gnTemlng the foniU' 
UoD uf unr InTulid Corps. Nothing ai importiuun to smij eorgeoDB hes been omiUcd.'— 
Jrmy and Kaey Oatette. 
" In a condi-Dud fntrd It I1 in admirable trutlse on the Important lableoU at wUdi It 

'hdfiurtancs, and to draw bia materlKlA fmin the bestjwgrcoo. He troaU of tbci phyHi<^d1a- 
■Ullttca wbich hnre relntion tu the mlUtir)' aerviu', and of theu alnne. Media] Euml- 
Ben era [nstnuited In Ihsir dattee. and the method of disooTcring Iblgned. aiUBclallr pn- 
dnced. and concealed disentee is pointed ant. Thebooknlil prove mliuble to all who are 
conoemod In the nunlpulatlon of reernlta or conwripls. An Appendii caouins offlcld 
TegnlntlaniuidlnBlTucUoDS relative to the BMVUt-Mnnhkl'l Dffloe,tlje Invaliil Corpi', 
k<i."—Cln>t,mtrcial AdnerHsa: 
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INTS ON THE PRESERVATION OF HeALTH 

IN Armirs. 



B' For the use of Volunteer Officers and Soldiers. By Jof 
^B M. D. New edition, iSmo, ctoth. ;o cents. 
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D. VAN NOSTRAND's PUBUCATICN8. 



JLJeavy Artillery Tactics.~i863. 

Instruction for Heavy Artillery ; prepared by a Board of Officers, for 
the use of the Army of the United States. With service of a 
gun mounted on an iron carriage. In one volume, i zmo, with 
numerous illustrations. Price $2. 

"Wae DEPABTMicirr, ) 

" Washington, D. L\ Oct. 20, 1862. J 

** This system of Heavy Artillery Tactics, prepared under direction of the War Depart- 
ment, having been approved by the President, is adopted for the instruction of troops 
when acting as heavy artillery.^^ 

EDWIN M. STANTON, 

Secretary of War. 

** We presume that this Is the most complete treatise on Heavy Artillery that has ever been 
published in this or any other country. It seems to take in every thing bearing on the 
subject, and its instructions are ample and exceedingly clear. Some forty illustrative 
plates are given, and the text is clearly and legibly printed.^ — N". T. Commercial Adver- 
Oner. 

** This volume, prepared under the direction of the War Department and officially adopt- 
ed as the code of artillery instruction tor the public service, like all Van Nostrand^s mil- 
itary publications, is got up in the most substantial and elegant style both of printing and 
binding. Its contents are evidently the work of thorough practical and scientific military 
engineers, and embrace all the important as well as minute details of heavy artillery prac- 
tice. • 

^The First Part consists of sixteen lessons relating to the service of the single piece, in 
eluding the gun, howitzer, mortar, and columbiad ; also the formation of batteries, the art 
of aiming pieces and firing hot-shot Part Second relates entirely to mechanical manoeu- 
vres and appliances, for handling, mounting, dismounting, and transporting heavy pieces. 
Part Third is of a miscellaneous character, containing directions for embarking and disem- 
barking artillery and ordnance stores ; also, tables of dimensions and weights of guns, car- 
iages, shot, shell, machines, and implements, with charges for and ranges of heavy artil- 
lery. These instructions are not only copious in detail, but aptiy illustrated with thirty- 
nine elegant steel-plate engravings.^'—- .^Us^jfu 
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S. Tactics for Colored Troops. 



U. S. Infantry Tactics, for the Instruction, Exercise, and Manoeuvres 
of the Soldier, a Company, Line of Skirmishers, and Battalion, 
for the use of the Colored Troops of the United States Infantry. 
Prepared under the direction of the War Department. 1 volume, 
plates, $1.50. 

"War Depamment. Washington, March 9, 1B68. 
** This system of United States Infantry Tactics, prepared under the direction of the War 
Department, for the use of the Colored Troops of the United States Infantry, having been 
approved by the Presidentf is adopted for the instrnction of such troops.^ 

EDWIN M. STANTON, Secretary of 5Far. 



i PUBLICATIONS. 

C! WORD- Play. 

The Miiitiaman's Manual and Sword-Play widiout a Master.— Rapier 
and Broad-Sword EiterciEes copiously Explained and Illustrated; 
Small-Arm Light Infantry Drill of the United States Army ; 
In&ntry Manual of Percussion Muskets; Company Drill of the 
United Stares Cavalry. By Major M. W. Berrimak, engaged 
for the laft thirty years in the practical instruction of Mfliiary 
Students. Second edition, i voL, izmo, red cloth. $i. 

"Captala Beninum bai hid ttlrtj' jaia' eipuiimee In leschLng mlHUiy student^ and 
Ut work IB wTitlrJi to ik almple, cl«u, spd soldierly style. It Is lUunntcd witli Iwelre 
plitem und U one o[ Ihe chospeet und moat oomplele works gf tho kind piiblialicd In UiU 
eonntry."— Jfiw Tot* WorlO. 

" This work wl]) tie fuund rpry Tslnsble b> all pe nona seekJsg miUUjy iDslmctloD -. tol 
It racommends llaelf moat especially to oScera, wid Ihase wtio have lo use ttie swonl or 
•ibre. Wo tielJOTo It It (be uoty wdcIe ud tha use dT ttis avord publlaligd in this coauliT.'' 
—Jfa«) Ynrt TViftlat 

" It la B work or obTluua merit uid value.'— .SmAw ThmlUr. 



\ SvsTEM OF- Target Practice. 

For the use of Troops when armed with the Musket, Rifle-Musket, 
_ Rifle, or Carbine, Prepared, principally from the French, bjr 
p Captain Henby Heth, loth Inianiry, U. S. A. i8ino, ckxh. 
►■ so cents. 

"Wi« DiPABTintirt, ( 

"WxaniHflTos, Itunk Ul. ISSft f 
"Tbe Sjstsm of Target Pmettoe, prepiired iiiidor dlKcllon of the Wai Doputment by' 
Captain Henry lletb, IDtb lohntj']', hsvlng bi'en approved. Is adopted for the inatmctloii 

JouN B. Flotd, Sicrftarj/ <f Wet, 

^CcHOOL OF THE GuiDES. 

Designed for the use of the Militia of the United States. Flexible 
cloth. 50 cents. 
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D. VAN NOSTRAND's PUBUCATIONS. 
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OLAN'S System for Training Cavalry 
Horses. 

By Kenner Garrard, Captain Fifth Cavalry, U. S. A. i vol., i zmo, 
cloth. 24 Lithographed plates. $1.50. 

« « « u We are glad when competent men bring forward works that are intended to 
facilitate the formation of an effective cavalry force. «0f this class is KolatCa BytAwi for 
Training Cavalry HorBMy prepared for ose in this country, by Captain Kenner Garrard, 
U. U. A. Captain Nolan was distingnished in the British service for his knowledge fA the 
cavalry arm, and for his general talents. As the work had become out of print, Oaptain 
Garrard has done well in reproducing it: he has added to it a chapter on Barey^s Method 
of Training Horses, and another on Horse Shoeing. The volume is well illustrated. It 
cannot be too warmly commended to general use.'" — Bottom, Daily Evening TravtHUr, 
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ustrian Infantry Tactics. 



Evolutions of the Line as practised by the Auftrian Infiintry, and 
adopted in 1853. Translated by Capt. C. M. Wilcox, Seventh 
Regiment, U. S. Infantry. 1 vol., i2mo. Three large plates, 
cloth. $1. 

'^The movements of armies engaged in battle have often been compared to those of 
the chess-board, and we cannot doubt that there are certain principles of tactics in actual 
war as in that game, which may determine the result independently, in a great measure, 
of the personal strength and courage of the men engaged. The difference between these 
principles as applied in the American Army and in the Austrian, is so wide -as to have 
suggested the translation of the work before us, which contains the whole result of the 
famous Field-Marshal Badktzky''8 experience for twenty-five years, while in supreme 
command in Italy.^-^JTtto York Century. 
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HYMED Tactics, by " Gov/' 



1 vol., iSmo, paper. With portraits. 25 cents. 

*^ It will strike the military man, fiuniliar with the tedious routine of drill, by ttieorjr, 
practice, and memory, as a most unique and valuable method of strengthening tiie latter, 
with the least mental exertion. The author is a thorough soldier, and his ability as a 
rhymester will be conceded by any intelligent reader.'" — New York Leader. 

**Our author deserves great credit for the ingenuity he has displayed in putting into 
Terse a Manual which would at first glance seem to d< fy the most persistent efforts of the 
rhymer. The book contains a number of illustrations representing some of the mora 
difficult positions, in the figures of which portraits of several promiiient ^ffioen of th« 
New York Yolunteers may be reeogniied.*'— JiTMV York 7¥mMi 
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REATISE ON GrAND MILITARY OPERATIONS. 

strated by a Critical and Military History of the Wars of Frederick 
the Great. With a summar)' of [he most important principles 
of the Art of War. By Bakon db Jomivi. Illustrated by Maps 
and Plans. Translated from the French, by Col. S. B. Hola- 
BiRD, A. D. C, U. S. Army. In two vols., octavo. In press 
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isTORY OF West Point. 



And its Military Importance during the American. Revolution j and the 
Origin and Progress of the United States MiUtary Academy. By 
Captain Edward C. Boynton, A. M., Adjutant of the Military 
Academy. With numcrousMaps and Engravings, i vol., octavo. 
Blue cloth. S5.00. 
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iLiTARY Bridges, 



For the Passage of Infantry, Artillery, and Ba^agc-Trains ; with sug- 
gestions of many new expedients and constructions for crosang 
streams and chasms ; designed to utilize the resources ordinarily 
at command and reduce the amount and cost of army transporta- 
Uon. Including also designs for Trestle and Truss Bridges for 
Military Railroads, adapted especially to the wants of the Ser- 
vice of the United States. By Herman Hauit, Brig.-Gen. in 
charge of the construction and operation of the U. S. Military 
Railways, Author of *' General Theory of Bridge Conscnicuon, 
&c." With 300 Plates and lUus " 
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eport of the engineer and artillery > 
Operations of the Army of the Po- 
tomac, 



From its Organization to the close of the Peninsular Campaign. By 
Brig.-Gen. J. G. Barnard, and other Engineer Officers, and 
Brig.-Gen. W. F. Barry, Chief of Artillery. Illustrated by 
:s Map, Plans, &c. Octavo, tj-jo. 



D. VAN NOSTRAND's FUBUCATIONS. 



ClEGE OF BOMARSUND (1854). 

Journals of Operations of the Artillery and Engineers. Published 
by permission of the Minister of War. Illustrated by Maps 
and plans. Translated from the French by an Army Officer. 
1 vol., i2mo, cloth. 75 cents. 

**To militaiy men this little yolame is of special interest It contains a translation by 
an officer of the United States Army, of the Journal of operations by the artillery and en-* 
gineers at the siege of Bomarsnnd in 1854, pablished by permission of the French Minister 
of War in the Journal dea Armees upedalM et de VEtat Major. The account of the 
same snccessfal attack, given by Sir Howard Douglas In the new edition of his work on 
Gunnery, is appended ; and the narrative is illustrated by elaborate maps and plana.*' — 
New York Paper, 
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AXiMs AND Instructions on the Art 
OF War. 



Maxims, Advice, and Instruction on the Art of War ; or, A Prac- 
tical Military Guide for the use of Soldiers of all Arms and of 
all Countries. Translated from the French by Captain Lendy, 
Director of the Practical Military College, late of the French 
Staff, etc., etc. i vol., i8mo, cloth. 75 cents. 

"We do not pretend to much military science, but we have found this small volume easy 
to understand and interesting to read. It is compiled from old works, but is adapted to 
new notions and improvements, and it gives in a nut-shell a general idea of the whole busi- 
ness of war. Some men who have always maintained ^ Quaker^ principles, and who have 
never studied the trade and mystery of fighting, find it difficult to comprehend the various 
strategic movements that are chronicled from day to day in the newspapers. These men 
should look into the subject of war, and we advise them, as a beginning, to read this book. 
It will probably help their cloudy perceptions, and enable them to see clearly the mean- 
ing of milittuy operations, which now they cannot understand.^ — Providence JoumcU, 
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otes on Sea-Coast Defence : 



Consisting of Sea-Coast Fortification 5 the Fifteen-Inch Gun 5 and 
Casemate Embrasure. By Gen. J. G. Barnard, Corps of En- 
gineers, U. S. A. I vol., 8vo, cloth, plates, gi 50. 

"This small volume by one of the most accomplished officers in the United States 
service is especially valuable at this time. Concisely and thoroughly Mi^or Barnard dis- 
cusses the subjects included in this volume, and gives information that will be read with 
great profit by military men, and by all inter«st«d In the art of war as a defenftive fwea.'^— 
Jfett York OommirciaU 
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MANUAL FOR QUARTERMASTERS AND CoM- 
MtSSARTRS. 



Containing Instrucrions in iKc Preparation of Vouchers, Absiracci, 
Returns, &e,, embracing all the recent changes in the ArmJ 
Regulations, together with inBtructions respecting TaKstJOB of 
Salaries, etc. By Captain R. F. Huhter, late of the U. S. 
Ann)', limo, cloth. Jl. 
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A RMY Pay Digest, and Ready Calcula- 
tor; OR, Regimental Pay Table. 

Compiled by Major Ezra WEnn, Octavo, cloth, tx. 
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D. VAN NOSTRAND's PUBUCATIONS. 
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iFLEs AND Rifle Practice. 



An Elementary Treatise on the Theory of Rifle Firing; e3q)laining 
the causes of Inaccuracy of Fire and the manner of correcting it ; 
with descriptions of the Infantry Rifles of Europe and the Uni- 
ted States, their Balls and Cartridges. By Capt. C. M. Wil- 
cox, U. S. A. New edition, with engravings and cuts. Green 
cloth, ti.7S' 

** Although eminently a scientific work, special care seems to haye been taken to avoid 
fhe use of technical terms, and to make the whole sabject readily comprehensible to the 
ftBetieal enquirer. It was designed chiefly for the use of Volunteers and the Militia : but 
tlie War Departmeni has evinced its approval of its merits by ordering from the pub- 
KAier one thousand copies for the use of the United States Army.^ — LouiwUU JaurruU, 

**The book will be found intensely interesting to all who are watching the changes in the 
avt of war arising from the introduction of the new rifled arms. We recommend to our 
readers to buy the book.'^—JfilUary Gazette. 

**Amost valuable treatise.^ — Hew York HeraZd. 

**This book is quite original in its character. That character is completeness. It ren- 
ders a study of most of the works on the rifle that have been published quite unnecessary, 
We ocMrdially recommend the book.** — United Service Gamette^ London. 
' **The work being in all its parts derived fix>m the best sources, is of the highest author- 
ity, and will be accepted as tlie standard on the subject of which it treats.**—- ilT^ui Yorker. 
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Ew Bayonet Exercise. 



A New Manual of the Bayonet, for the Army and Militia of the 
United States. By Colonel J. C. Kelton, U. S. A. With 
thirty beautifully-engraved plates. Red cloth. $1.75. 

This Manual was prepared for the use of the Corps of Cadets, and has been introduced 
at the Military Academy with satisfactory results. It is simply the theory of the attack 
and defence of the sword applied to the bayonet, on the authority of men skilled in the 
use of arms. 

The Manual contains practical lessons in Fencing, and prescribes the defence against 
Oavalry, and the manner of conducting a contest with a Swordsman. 

^ This work merits a fovorable reception at the hands of all military men. It contains 
all the instruction necessary to enable an officer to drill his men in the use of this weapon. 
The Introduction of the Sabre Bayonet in our army renders a knowledge of the exercise 
more imperative.**— ii^<no York THmes. 



I^Tew Manual of Sword and Sabre Ex- 

ERCISE. 
By Colonel J. C. Kelton, U. S. A. Thirty plates. In press. 



"^HE War in the United States. 



I 



1 



A Report to the Swiss Military Department. Preceded by a Dij- 
coune to the Federal Military Society assembled at Berne, Aug- 
18, 1862. By Ferdinand Lecomte, Lieut. -Col. Swiss Confed- 
eration . Author of " Relation Historique et Critique de la Cam- 
pagnc d'ltalie en 1859," "L'llaJie en i860," and "Le Ge- 
neral Jomini.sa Vie, ec sea Ecrits," etc., etc. Translated from 
the French by a StaffOfficer. 1 vol., iimo. ti. 

BtftUTDiDg to Bwlturlnnd from acdmp^gn authorized by theSwlas MiUtorj DtpvE' 
at.C'uL Luumta iddfeeBed a dlBcaurBe to Iha Fsdund MlUUvy Soolety, at Bcmi^lD 
wblch lie HliUed tbtj- deariy ind ooncliply the clrcninBtiiaceB lewllas to the prsgenl or, 
the >JtiutIun of lbs ooniitrr it the Ome at the coin men cemeat i>f Ihu tiouhlei, uul Hn 
progreAii of eronts up vary aoarly to the present time. 

" la bifl qoalitf of a Swlu t^den^ affldcr, CoL Lacomte^ bearing the reonmrnendatiani uf 
thi.. FiideratMJIItu'j'nepartniDiit of BwlUcrtand, of Ur. Fugg, AmhiuHdor of [heU; B.al 
Bcroo, and of others, iras well reooiTed by Mr. Sewnrd, BccretM-j of Btale, and by Geonl 
UeClellan, and b; Iha Swiss Giasnl at (Tew Turk. Oenenl McClellBn. u 'WaaUnglut 
attached him to hie euefns a Tolantu? elrle-do-cuDp, heTPUlnlae bisSwIianmlciif Itnjor, 

called thither by hie goToranieDt. He met on that staff with other Earopean offims, iie- 
BupylDgtbat puelduu oB tbo buno terms with himself. So that he had gdod o|ipontmltlM 
of being liift>mied on the merits uf the war. uid the manner of Us conduct, and belUf u 



I 



- Ha v<uT iDcldly describes tbo Ihestre of the nsr. slstlstlull}- and geugn^UcallJ, Iha 

Iwetlllliiu; therektlve strength of Ihsai'mles; the prhiclpiil military nets, froni Big Belhd 
Onwards; the armament, equipment, olothln^T m&terlala, aabslstenrt, &6„ of thu serriMJ 
armored Teesels and their transaoUuns ; his nwn personal Impraidons in regard (o the d«- 
rwtsQf the American Army, 4a. Then there lia aapplemeolary repupt of great Inlawt, 
deMribhig; the Inter eyeots <•! the author's observatlnn and uiperleoee: (bs whole msklsf 1 
ene of the most valuable eontrlbutloas to the lllerory history of tbs wu we hare hsd.*— ' 

'TT^HE Law of Freedom and Bondage in I 
the United States. 1 



By John Cor 


AN HuRD, Counsellor at Law 


2 vols 


, octflvOv Pflce^ 


bound in 


cloth, *7. Law 


heep, ta. 
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D. VAN NOSTRAND's PUBLICATIONS. 
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HE "C. S. A./' AND THE BaTTLE OF 

Bull Run. 

(A Letter to an English friend), by J. G. Barnard, Lt.-Col. of Engi- 
neers, U. S. A., Brigadier-General and Chief Engineer, Army 
of the Potomac. With five maps, i vol., 8 vo, cloth. Ii 50. 

^This book was begun by the author as a letter to a firiend in England, bat as he pro- 
ceeded and his MSS. increased in magnitude, he changed his original plan, and the book 
is the result General Barnard gives by for the best, most comprehensible, and complete 
account of the Battle of Bull Run we have seen. It is illustrated by some beautifully drawn 
mapi>, prepared for the War Department by the topographical engineers. He demonstrates 
to a certainty that but for the causeless panic the day might not have been lost The 
auth<ir writes with vigor and earnestness, and has contributed one of the most valuable re- 
cords yet published of the history of the war.^ — Boston Commercial BuUeUn, 

** The work is clearly written, and can but leave the impression upon every reader^s 
mind that it is truth. We commend it to the perusal of every one who wants an intelli- 
gent truthfhl, and graphic description of the * C. S. A.,^ and the Battle of Bull Bun.^— ^«to 
York Observer, 
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HE Political and Military History 
OF THE Campaign of Waterloo. 



Translated from the French of General Baron de Jomini. By 
Capt. S. V. Benet, U. S. Ordnance. 1 voL, l2mo, cloth. 
Third edition. $1.25. 

'^ Baron Jomini has the reputation of being one of the greatest military historians and 
critics of the century. His merits have been recognized by the highest military authori- 
ties in Europe, and were rewarded in a conspicuous nuumer by the greatest military power 
in Christendom. He learned the art of war in the school of experience, the best and only 
finishing school of the soldier. He served with distinction in nearly all the campaigns of 
Napoleon, and it was mainly from the gigantic military operations of this matchless mas- 
ter of the art that he was enabled to discover its true principles, and to ascertain the best 
means of their application to the infinity of combinations which actual war presents. 
Jomini criticises the details of Waterloo with great science, and yet in a manner that 
interests the general reader as well as the profeseionaV^ — Ifsw York World. 

^ This book by Jomini, though forming the twenty-second chapter of his ' Life of Na- 
poleon,^ is really a unit in itself^ and forms a complete summary of the campaign. It is 
an interesting volume, and deserves a place in the affections of all who would be accom- 
plished military men.'^—'Neu) York Times, 

**The present volume is the concluding portion of his great work, * Tie Politique et 
Militaire de Napoleon,^ published in 1826. Capt Benefs translation of it has been for 
some time before the public, and has now reached a second edition ; it is very ably exe- 
cuted, and forms a work which will always be interesting, especially so at a time when 
military affairs are uppermost in the public mivL^-^PhUadelphia North American, 



PUBLICATION*. 

A Treatise on the Camp and March. 

^^ With which is connected the Construction of Field Works and Mi!i- 
^^L tary Bridges ; with an Appendii of Artillery Ranges, &c. For 
^^B the use of Volunteers and MJUtia in the United States. By 
^P Captain Henkv D, Grafton, U. S. A. i voL, iiino, doth. 

[p 



"'UNNERY IN 1858. 

1 A Treatise on Rifles, Cannon, and Spotting Arms. By Wm, Gkeenek, 

C. E. I vol., 8vo, cloth. «3. Full calf, $4 50. 



I 
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]V/Tanual of Heavy Artillery. 

For the use of Volunteers, 1 vol., lamo, red cloth. 75 cents. 

- ShaiM be in Iho hinds of erary Artillertal."— AT 7. lauslraled JVwm. 

"TUI^ IBIL mpclse and well -pn^ptred HoDtiKl, adapted lath« vuiUor Tolqateei*^ Tbe 
n»tTUE^|{>D, which ii uf hD Impurtjuit nature, ia preKnt«d Jd m fCmplc apd v]«r Atyle, noh 
■ will bv eoiily nDd«nEw>d. The vdIuitih la al» lUuetnUed vllh ei|kbaatar7 onti and 
InwiniiB. lUiawurk of ptwtiod tdIuh, and osa Bctded at tb« pnanl Ome Id Ifae aer- 
doe."— JliM(on Oomtntrciiil SiiUrltii. 



iNTs TO Company Officers on their 
MiuTARY Duties. 

., jd Regt. Minnesota Vols, i vol., iSmo, 



'^Thlabahand-book of ^or! pracCiDul adTlc«,Thlch oQlamoFall ranks puj study wtth 
gA^BuUge'—PhUadeljMa Prstt. 
"TMs UlHo Tnlttma conUlns mimy vaJuable sofgestlooe, and conwyi nol a UlUcliD- 

tportant jiraotlcal InliiraiallDii to milltiirj' mpp. llshunld bo read and lU preoepla feniHii. 
tmSby I'lerj jooBg •tBle<:T.''—Ci«iHiniiU DalSy Omait. 
"Ve wlnta it ecmld be nuiil and Kadled by all hailni men undei their CDainiand."- 
X T. aiuHHtrdal Adstrtifr. 



D. VAN NOSTRAND's FUBUCATIONS. 



A 



Treatise on Military Surveying. 



Theoretical and Practical, including a description of Surveying In- 
struments. By G. H. Mendell, Captain of Engineers, i voL 
8vo, with numerous Illustrations. $2.00. 
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lEBER ON Guerilla Parties. 



Guerilla Parties considered with reference to the Laws and Usages of 
War. Written at the request of Major-Gen. Henry W. Hal- 
LECK, General-in-Chief of the Army of the United States. By 
Francis Lieser. i2mo, paper. 25 cents. 



I 



nstructions for the Government of 
Armies of the U. S. in the Field. 



Prepared by Francis Lieber, LL. D., and revised by a Board of 
Officers, and approved by the War Department, in General Or- 
der, No. 100. i2mo. Price 25 cents paper covers. Red doth^ 
50 cents. 



Alphabetical Army Register, 1863. 

Giving the Names, Date of present and ori^nal Commissions, Rank, 
Place of Nativity, and from whence appointed, of all the Officers 
of the United States Army, as shown by the official Army Regis* 
terfor 1863. Octavo. 50 cents. 



H 



AiXECK'S International Law. 



loceniationai Law ; or. Rules Regulating the Intercourse of States in 
Peace and War. By Major-Gen. H. W. Halleck, Command- 
ing the Army. 1 vol., 8vo, law sheep. $6. 



" Id prepirllni thii wnrk on tho Isws of wsr, (Jen. Uallacli iippean to Ii«t8 DUde t vaj 
eiUnded rMouch unong Ihe >iithoria«>. His cIUHudb range Uirongh iniiaC of the wrtttn 
■Dd deciaiona loochlng opoa Ench aabjecu, Including the l^^adlng EurDpean pllbUaUt^ lor 

Icni. Upon polnU at mlUUiy D»gB hs ciUs eismplei from history ttceij sod wlUi eflkct 
rpruriog not onlj to the mod«ni military hlst/iTluiB, bnt OTan going bock to Uib mlHta^ 
diji ufRomc and Greece. 

"Genend Hulleck appe»r! lo have tinroaghly dlgestod tho wholu nugs of tapiw wUdi 
he tua to onnelder, uid forma his uplntoOB vKh judgmeat^ and afpreaBea them eLeATlf a&d 
hrlBBj."— Awfuit Joumai 

"Oon. Hnlleckhaa been eogiged many twisb ttie compUmtlaD ot tbls work ; In Ikct 
he began eolleetlng the materlnls foe It dnrlng the MeiieaD War, and baa ilnea beail 
diligently adding Co QicDi, and Ibe resnlt of hl> labors Is Qmbodled Id Ihe Talome bsfUn 

WDConldgliolt; and, atlei- all. the Eme volae of It can only be aKtertiiJned vlth urtaioty 
by the test of constaol consnltaUon, asasesof Intemalionil lawariso. Wo do not, on a 
baaly glance, perceive that General Halleck adTaneesaDj new oplnjona uf hia own on iinj 
of tbo many reied queatloDe io thia most difllcnlt departaient at Jorl^irudenoe, bnl vs 
nnU« erldance of Indebtigable labor and of palDa-taklDg reference to the best aqthnrlOM, 
which mast ^Te bit work, nt all erents, lbs valneof afdthfta Dompcndlnm. HejlTMa 
host of anthoiitlea for every doctrine that la laid down, and cites not merely ftom tha 
most eminent jDrlsIa,Bucb as 'Trheaton. Kent, Bti>ry,BIaweII.Bynl!eTMhawtH YstUU.Gro- 
tina, PuB^ndoiir, Laurent, Ompteda, Eamptz, PhllUmore, Panda. HeOter, Mariana, Wild- 
man, and others, bat ftnm the beat autburitleg dd mtlilary and naval warftvni, anch as 
JominL Bchwarla, Morlin, Dollop Lampredi, Bantefenllle, De Cnsey, Rliiitelana, Ortolan, 
FlBtoye,Duver<ly,&iO., Ac; on Commerdal law. as Chltty, Duer, Manning; Rnlhecforth. 
Miuae, LBibar, ic., be ; on diplomacy and history, aa Home. Marcy. Gardner, tbckii,- 
tuab, Hallam, Alison, Borlanuqnl, Ac, As. The work Is very systematically nnd clearly laid 
out, and embraces every department of latematlonal law. flueh a book of relbreboe at Iblfr 
onght tu be in the hands of every cpm m a j idlng uffloer by land sn4 by sea, and It Ea not t"e 
Liree and miwkldy to ba easy of carriage. Thii edition Is wall printed and strungly booiul." 
—rhdadajMa Inguirtr. 

' The tritiX will be Ibnnd (n be of great nu to army nod narr oUiwri, to pnrf^ealiMial 
lawyem, and tu all Interested In the topics of which It treats— topics In which [m-asaC 
evoutsglvcBgrailly enhanced Importuneo— such M ■' Declaration of War and Its BffiraHi" 
"Sicgvsand Blockades;" '- Vlsltatlun and Beareh;" "Right of Search;" '- PtIkb Conru;" 
IfUitary OecnpHtlnn ;" " Treatlea of Peace ;" -Sovereignly uf BlUea," Ac., and (ataiaUs 
s and amhaasadors."— J?: F. Xeentng Post 






CfiEGE AND Reduction of Fort Pulaski, 
Georgia. 

papers on Practical Engineering, No. 8. Official Report lo the 
U. S. Engineer Department of the Siege and. Reduction of Fort 
Pulaski, Ga., February, March, and April, i86z. By Brig.- 
Gsncral Q. A. Gillmore, U. S. A. Illustrated by Maps and 
Views. 1 vol., 8vo, cloth. *j 50, 

"Thiaiion offldul hlbtniy of lie ilcgc of Fort Pnfiukl, tPom Ibe oomnwnmBietlt, iiilh ill 
^0 deCalla In fnll, made up frvm a d^Uy recoi^ fonoLDg a moat valuable paper foe fatare 
reference. The BlCuatlon ind conatrDction at the Fori, tlie position of Ihegnnsboth of tlie 
rebels and Ihe Fofltralt and their oporatiun, are made p]aia by maps and enpivefi rteua 
otdla^nnt soetloDa. AddidODal reports ttom other ofBean an turolBhed In Uie (.ppeodli. 
madevvTj thing his bcea done to randortbs work full and rell*1>K"—.£iHton Journal. 

ICTIONARY OF ALL OFFICERS IN THE UnITED 

States Army, 

im 17S9 to January 1st, 1853, and of the Navy and Marine Corp*. 
Second edition, with a Supplement, bringing it down to January 
1, i860. By Col. Chas. K. Gardner, 1 vol, iimo, cloth. 



D 



U 



NioN Foundations. 



Nationality, as a Fact of Science. By Capt. 
■, Corps of Engineers, U. S. A. i vol., Svo. 30 



8y Capi 

Military Commission to Europe in 1855 and 1856. Report of Major 
Alfred Mordecai, U. S. Ordnance Department. 1 vol., folio. 
With Views and Maps, li 50- 



;xAs, AND ITS Late Military Occupa- 
tion AND Evacuation. 



ORDECAi's Report. 



A 



■eom, 



Treatise on Ordnance and Navai 
Gunnery. 

ipiled and arranged as a Text-Book for the U. S. Naval Acade- 
by Lieutenant Edward Simpson, U. S. N, Third edi- 
revised and enlarged. 1 voL, 8vo, places aod cats, hal! 
»S.oo. 



"At the mmpller hu ihargsnf the IrutrnoILon In ]<rBTiil GaiiDer; at the Nml Add- 
Amy. hiB work, Eq tha mmpElatloa dT which lie hu cDqauttBd 4 ]ar)» nombor or emlnuit 
ktuborltlt^A^ lapi^bably well aulted fur the pnj-pose dtijtlgned bj it — nuaely, the clrculitiiMi 

Kbifl to culEef4> Id tltpple and pliUn Unj^qo^ It glvea Enstmctloii ^ 10 cabDon, gun-car- 
Tlieeii,gDnpi)wder,i)n>jBctlkt,ni£e>,;octB,sii.dprlmen; EheUiaorfor poEntEng gena. rlllUi 
the proctioe <tf gunnery, and t, ^fAt TAriety oT other Almllor nuittf rii, Intereetlog to Qght' 
Ing men en aea ind land."— Wa^iixi/ton I>ally Oloie. 
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T uce's Seamanship ; 

)\ 

Compiled from various authorities, and Illustrated with numerout 
Original and. Selected Designs, For the use of the United States 
Naval Academj-. By S. B. Liicn, Lieut. -Commander U. S. N. 

I In two parts. Second Edition. One royal octavo vi'li 
I 



D. VAN NOSTRAND's PUBUCATIONt. 
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LEMENTARY INSTRUCTION IN NaVAL OrD^ 

NANCE AND GuNNERY. 



By James H. Ward, Commander U. S. Navy, Author of ** Naval 
Tactics," and *' Steam for the Million." New Edition, revised 
and enlarged. 8vo, cloth. 1 2. 

** It conveys an amoont of information In the Bame space to be fbond no^ere else, and 
given with a clearness which renders it oseftil as well to the general as the professional 
Inquirer.'*—^ F. JPvm4ng Posk 



N 



AUTiCAL Routine and Stowage. 



With Short Rules in Navigation. By John McLeod Murphy and 
Wm. N. Jeffbrs, Jr., U. S. N, 1 vol., 8vo, blue clotK« 
I2 5a 



T 



OTTEN'S Naval Text-Book. 



Naval Text-Book and Dictionary, compiled for the use of the Mid- 
shipmen of the U. S. Navy. By Commander B. J. Totten, 
U. S. N. Second and revised edition. 1 vol., i2mo. $2 50. 

** This work is prepared for the Midshipmen of the United States Navy. It is a complete 
uannal of instructions as to the duties which pertain to their office, and sppears to have 
been prepared with great care, avoiding errors and inaccuracies which had crept into a 
former edition of the work, and embracing valuable additional matter. It is a book which 
should be in the hands of every midshipman, and officers of high rank in the navy would 
often find it a usefbl companion."—- itoston Jottmak 



G 



UNNERY Instructions. 



Simplified for the Volunteer Officers of the U. S. Navy, with hints 
to Executive and other Officers. By Lieut. Edward Barrett, 
U. S. N., Instructor of Gunnery, Navy Yard, Brooklyn. 1 
vol., izmo, cloth. $1 25. 

** It is a thorou^ work, treating plainly on its subject, and contains also some valuable 
hints to executive officers. No officer in the volunteer navy should be without a copy.^— 
Bokton Evening TYavdUr, 



H 



ISTORY OF THE UnITED StaTES NaVAI 

Academy. 

With Biographical Sketches, and the names of all the Superintend- 
ents, Professors and Graduates ; to which is added a Record of 
some of the earliest votes by Congress, of Thanks, Medals and 
Swords to Naval Officers. By Edward Chaukcet Marshali, 
A. M. 1 vol., iirao, cloth, plates. $1. 

" Everf atnl moD tI]] Bnd Lt oal onl; a pleaasnt compuilaD, bat an InTBlubla tnok rf 



M 



ANUAL OF Internal Rules and Reg- 
ulations FOR MeN-OF-WaR. 

By Commodore U. P. Levy.U. S. N., late Flag Officer comm«n^ag 

U. S. Naval Force in the Mediterranean, &c. Flexible blue 

cloth. Third edition, revised and enlarged. 50 cents. 

"Among the profculoaal pobllcBUoBS for whioh wb iira indabled la tba war, we wfUng 

I7 ^va a promldeot pluce to th!B uae1a\ HaU Maauit nf Ralue and BsgulaUgiu tn bs 

observed qd board of ships ot war. Its aulbarahlp Is s intBolBiit guarmteo for It* ncoaraoj 

and pruutlsil viltiD; and as a guide ta joong ufficers in prorldicg for tbe •tisdpUM> 

police, and sioiUiy govcnuotnl; oTIhe yeasels under their cumnuod, we luow of cuttdng 

Buperior."— -V: Y. Herald. 
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AVAL Light Artillery. 



I 



r Naval Light Artillery, afloat and ashore, prepared 
and arranged for the U. S. Naval Academy, by Ljeuteoant W. 
H. Parker, U. S. N. Second edition, revised by Lieut. S. B. 
Luce, U. S. N., Assistant Inftructor of Gunnery and Tactia U 
the United States Naval Academy. 1 vol., 8vo, cloth, with ai 
plates. $3.00. 
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"Tho servloafiirwhleh Uililstho leit-bDolcof inMrncaon Isof apoolal Importjinoe 
the preseot war. The use of ll^ht boat-plecoa is coDstant aad Imporlaut, and jours ol 
can ire frequeotly obliged to leaia thatr buals, take their pleoes ashore, and mnnfflui 
tbuin u anldartlUerj. Not unfnqDaDtlj, aleo. the; are lacurp<int«d. when aahore, wl 
troopa, and must haodle their gunalikolhs artillery soldiers ofahatlerj-. 'The Encrt 
of the Howitzer Afloat was prepare and njranged by C^plalD Dahlfirreii, whose ni 

3- The plates are numerous and uceodlii^]; dear, and the whole ^pdfns 
."— PA««drij)Ain laqatrer. 
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olley's Railway Pracfice. 



American and European Railway Practice, in the Economical Gener- 
ation of Steam, including the materials and construction of Coal- 
burning Boilers, Combustion, the Variable Blast, Vaporization, 
Circulation, Superheating, Supplying and Heating Feed-water, 
&c., and the adaptation of Wood and Coke-burning Engines to 
. Coal-burning; and in Permanent Way, including Road-bed, 
Sleepers, Rails, Joint Fastenings, Street Railways, &c., &c. By 
Alexander L. Holley, B. P. With ']'] lithographed plates. 
1 vol., folio, cloth, $10. 

"ThiB is an elaborate treatise by one of our ablest civil engineers, on the construction 
and use of locomotives, with a few chapters on the building of Railroads * * * All these 
subjects are treated by the Author who is a first class railroad engineer, in both an intelli- 
gent and intelligible manner. The &cts and ideas are well arranged, and presented in a 
clear and simple style, accompanied by beautifid engravings, and we presume the work 
will be regarded as indispensable by all who are interested in a knowledge of the construction 
of railroads, and rolling stock, or the working of locomotives.^— /iSlci«n^«/to American. 
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UROPEAN Ordnance and Iron-Clad De- 



fences, ' 

With some account of the American Practice, embracing the Fabrica- 
tion and Test of Heavy Guns; Projectiles and Rifling; the 
Manufacture and Test of Armor, from official data, with a detail- 
ed account of English experiment ; the principles, structure, and 
classification of Iron-Clad Vessels ; Marine Steam Machinery, 
&c. By Alex. L. Holley, B. P., Author of " American and 
European Railway Practice/' &c. 1 vol., 8vo, cloth. With 
250 illustrations. In press. 



T 



HE Principles of Strategy and Grand 
Tactics. 



Translated from the French of General G. H. Dufour. By Wiluam 
P. Cr-aighill, Capt. of Engineers U. S. Army, and Assistant 
Professor of Engineering, U. S. Military Academy, West Point. 
From the last French Edition. Illustrated. In one volume, 
i2mo. |2.5o» 
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ESSONS AND PRACTICAL NoTES ON StEAM.i 

The Steam-Engine, Propellers, ic, &c., for Young Marine Engh 

^n«ra. Students, and others. By the late W. R. King, U. S. N. 
Revised by Chief- Engineer J. W, King, U. S. Navy. Fount 
edition; enlarged. 8vo, cloth. Siz oo. 
"ThUlt tbcs«»Dil«dlClDDatiTiliutile wi>rborthalDt«'W. B. EniG, D. B. H. Iteos- 
Usi U»»t;B luid [inctlnl Botca on Steua and Uib Suam-EnglQe, Prapellen, Ad. U ll 

UlnBUnttK] snd eiplslDud by DumsrooB dUgnuDS tnd rspivMntiitiaDi of maelilDeiT. TUl 
naw sdltioD hu been reviled and cnlti^ed by Chief EnfrloHir J. W. Kmo, U. S. S., 
brother to the d*ceMed sotbor of the work."— Brmli™ JJaaji , " 

^'ThlalBonaof tba beat, becaoae eminent] y pLidn and pru 
EPKlne ever pntMltii>±"—P/iiladtlpMa JVess. 

DiLTftl cnglneera, ii muBt opportune. Each of thoxo ought to have a DDpy.**- 
XvimiHti BidUttn. 




CtEAM for the MlLUON. 

A Popular Treatise on Steam and its Application to the Usefiil ArU, 
especially to Navigation. By J. H. Waro, Commajidcr U. S, 
Navy. New and revised edition, i voL, Svo, cloth. %i, 
"AmoBt eicellent woil frrrtheTOimg eDglneerimd g:eiienl feoder, Muiyrocti te1i. 

tlag to Uie Difrnofoajeot of the boiler and vo^o are vt forth with jx BlcnpUclty of 1u' 

gnage, nnd peifectlun of detail, that brings tlie anbj«t hinue la the reader. Ur. WanI 1b 

■Ibu pAcullarly bappy Id hla UlustratlonB-" — Ameriaim JBnffiiua 

QcREW Propulsion. 

Notes on Screw Propulsion, its Rise and History. By CapC W. H. 1 
Walker, U. S. Navy, i vol., 8vo, cloth. 7; cents. 

by OommaniliT W. H. Wiliek, <J. S. N,, from vhluh all tliat Ib WktA; la be dcahld on 
Uie Buhjecl may ba readily etqutred. • • • • iftor Iboronghij' demonatratlog thu 
sfflclcDcy of the Bcmw, Mr. Walker pcocecda to point out the Tarlone other puhita lo be 

DSBaoftbaBritlBhAduilnllrtotssCeiery novelty cnlcnlalcd lo glveullB&alDry remlM. 

dala, and every Item oflnforaiatlonreeordtd fully proycB lliat the varioua nnlim bearing 
□pon itli&vebeen veil coanldered pruvloiiBly to eipreMlngau oplulDn.'^ ' ~ -- - 
JmnaL 
■Everr snglBMtaliODld biToltla blalibraty.'—JmtWDiiii Eoginm 
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D. VAN NOSTRAND's FUBUCATIONS. 
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RACTiCAL Treatise on Limes, Hydrau- 
lic Cements, and Mortars. 

Papers on Practical En^eering, U. S. Engineer Department, No. 
9, containing Reports of numerous experiments conducted in 
New York City, during the years 1858 to 1861 inclusive. By 
Q, A. GiLLMORE, Brig. -General U. S. Volunteers, and Majoi 
U. S. Corps of Engineers. With numerous illustrations. One 
volume octavo. $3.50. 



'TpHE Contractors' Manual and Build- 
ERs' Price-Book. 

By A. B. Clough, Architect. 1 voL, i8mo. 50 cents. 



P 



rinciples and practice of embanking 
Lands from River Floods, 



As applied to the Levees of the MississippL By William Hewson, 
Civil Engineer. 1 vol., 8vo, cloth. $2.00. 
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OODBURY ON THE ArCH. 



Treatise on the various Elements of Stability in the well-proportioned 
Arch. With numerous Tables of the Ultimate and Actual 
Thrust. By Captain D. P. Woodbury, U. S, Corps of Engi- 
neers. 1 vol., 8vo. Engravings. Cloth, $2.50. 
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QUADRON Tactics Under Steam. 



Bv Foxhall a. Parker, Commander U. S. Navy. Published by 
authority of the Navy Department, i vol., 8vo., with numer- 
ous Plates. $5.00. 
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VAN NOSTRAND S PUBLICATIONS. 

ODELs OF Fortifications. 
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VAUEAN'S FIRST SYSTEM. One Front and two Basdons — 
Scale, £0 Yards to an Inch. 

THE MODERN SYSTEM. One From— Scale, ao Yards w an 
Inch. 

FIELD-WORKS. The Square Redoubt— Scale, 5 Yards to an Inch. 

The above models are moulded from those made by Mr. Kimbek, of 
London, and are intended as illustrations of his works upon For- 
tifications. They are beautifully modelled in papier mache, 
colored in oil, and mounted in strong covered cases. They art 
admirably adapted for teaching the first principles of fortification, 
and should be in every College, Military, and High School. 

Mr. Kimber's three volumes, viz., Vauhan's First System, the Modem 
System, and Field- Works, will accompany the models. 
Price for the set of three, with books, t6o. 
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iFLED Ordnance: 



A Practical Treatise on the Application of the Principle of the Rifle 
CO Guns and Mortars of every calibre. To which is added, a 
new theory of the initial action and force of Fired Gunpowder. 
By LrNALL Thomas, F. R. S, L. Fifth edition, revisci One 
volume, octavo, illustrated. $2.00, 



fiELD Tactics for Infantry, 



Comprising the Battalion movements, and Brigade evolutions, useful 

' in the Field, on the March, and in the presence of the Enemy. 

The tabular form is used to distinguish the commands of the 

General, and the commands of the Colonel. By Brig. -Gen. 

i U. S. Infantry. i8mo. 
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CORE'S Treason of Lee, 
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Mr. Lee's Plan — March 29, 1777. The Treason of Charles 

* Lee, Major-General, Second in Command in the American Army 

of the Revolution. By George H. Mcx)re, Librarian of the 

New York Historical Society. 1 vol. 8vo, cloth. Two Steel 

Portraits, and Two Lithograph Fac-similes of Documents, ti. 

**It is a clear and most interesting development of one of the strangest eyents in the 
history of the BevoIntioiK It is as important as it is carious, for the acts and motiyes of 
a man who held so high a rank in the army and in the public estimation should be known. 
They affect the character of othersi and throw light on transactions which could not 
otherwise be explained." 

JABED SPABES. 

** Your paper was certainly the most instmctiye one eyer presented (within my obser- 
vation) to any one of our Historical Societies. 

"The work does you great credit; it is fall of interest, of fhcts collected from tar and 
near. The story is well told, the criticism carefhl and discriminating. I feel certain it 
will bring you much reputation for its completeness and manner of execution. * * * 
Go on ; and you will win honor for youzsel^ while you will assist to make American His- 
tory what it ought to be." 

GEOBOE BANGBOFT. 

^ I have read it with great interest It is a carious, valuable^ and conclusively argued 
contribution to our revolutionary history." 

GULIAN a VEBPLANCK. 

** I am greatly indebted to you for a copy of your beautiAil monograph. * * * I re- 
joice that you have found the means (and made such good use of them) of patting hir 
worthlessness beyond all question." 

EDWABD EYEBETT. 

** You have done a good service to history. I ran it through with the greatest interest* 

BOBEBT a WINTHBOP. 

** Many thanks for Lee^s ^nreaaon. • # • « Moore has made out the oaae against 
tataL" 

W. P. DE 8AU8SITEE, (of 8. C.) 

*The Treason of Lee is placed beyond doubt, and the original documents establishing 
It are published in the recent highly valuable monogn^h of G. H. Moore, Esq., on that 
Mit||Mt-^i?Mr«^« Hfs qf Washington. 



D. VAN NOSTRAND's FC7BLICATI0NS. 



**We commend Mr. Moore^s work as the most yalnable contribati(>n to our Bevola^on- 
uy history that has appeared for manj a day, and aamxre our readers that the penual of 
its elegant and eloquent pages cannot but repay the few hours that it will require.** — Ms- 
tarioal MagoMin^. 

** We commend this essay to the attention of historical students, admiring the sim- 
plicity and lucidity of its style.*"— iSvprMS. 

" A work which we have read with great pleasure, * * * ♦ well worthy the at- 
tention of our readers, and we take great pleasure in recommending it to them.** — Boston 
Post. 

** This beautifully printed volume is an important contribution to the history of the war 
of the Revolution. It establishes beyond a question the treason of one of the most dis- 
tinguished generals of that war, who was second in command to Washington.** — Provi- 
dence Journal, 

^ The researches of Mr. Moore reflect great credit on his industry and penetration as a 
historical student, and we unite with those better capable of judging than ourselves, that 
he has brought to light important focts, which tend more to clear up obscure points in our 
revolutionary history than any thing that has appeared since the events alluded to took 
placeJ"^Proeidenc6 Journal. 

'^The volume abounds with curious details, and will be read with great interest by the 
student of American history.** — 2f. Y, Tribwne. 

"• No student of American history can afford to be without this book.** — B. I. School- 
manter. 

" We recommend this valuable contribution to the history of the American Kevolntion 
to the attention of our readers. ♦ ♦ * * Apart from its value as an authentic and 
ori<^nal account of an important episode in the American Revolution, it shows in strong 
and instructive contrast the pictures of the infamous traitor and true patriot, * * * 
Charles Lee, * * * and George Washington. These pictures are good even to study 
at the present time." — Courier and Enqvirer. 

" One of the most valuable contributions to our Revolutionary history that has ever been 
published. * * * Mr. Moore's carefulness and completeness of research nre fine quali- 
ties of the historian, happily exhibited in this volume.*' — Christian Intelligencer. 

** Another of those startling and unique works that occasionally blaze out upon the sea 
of literature, amazing every one with its strange developments. The author fixes black 
and damning treason upon General Lee, by indubitable testimony, as strongly and clearly 
as ever it was attached to Benedict Arnold." — Chautauqua Democrat 

" Sound judgment, thorough research, just appreciation of character, an acute perception 
of the logical connection of events chronologically disjoined, and a ready command of 
clear, precise, and appropriate language, have enabled Mr. Moore to make a volume, which, 
taken in all its bearings, may unhesitatingly be pronounced the most important mono- 
graph ever contributed to the history of the War of Independence.** — Ifew York Times. 

"Crammed with the valuable results of original inveptigatlons. Many of the docu- 
ments never published and throwing a new and unexpected light on a very interesting 
episode of the Rovolution." — Evening Post. 
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